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PHE fing dnalfis was originally 


and other members of the Univerſity of Cams 
bridge, who attended the Author's courſes of 
Lectures on the Principles of Natural Philo- 
Jophy. | 
All the copies of the former impreſſion be- 
ing diſpoſed of, it has been reviſed for pub- 
lication, and is now reprinted with confide 
rable additions. | 
Explanatory notes are ſubjoined to moſt of 
the articles with ſuch demonſtrations as could 
be made intelligible without figures, and ad- 
mitted of being compriſed in a ſmall com- 
1 3 
The additional propoſitions inſerted in this 
edition are chiefly in Mechanics, Hydreſtatics, 
2 ; and 


* 


| 


and Aftronomy. In Optics, the d:ſeription 


of experiments on the phenomena of the Sun's 
image formed by the ſolar rays flowing 
through apertures - of - different - figures aud 
dimenſions, has been added, with ſome few 
other articles. | 

A ſmall ſet of Tables is given in the Ape 
pendix, calculated to facilitate the computa- 
tions which occur in applying ſome. of th F 
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- PRINCIPLES OF STATICS AND MECHANICS, 
WITH INTRODUCTORY ARTICLES. 


ARTICLE I. 
T light bodies float upon the ſurface 


of water contained in any veſſel, they 
are obſerved to be attracted toward the 
ſide of the veſſel. 


Thin glaſs bubbles, an inch or two inches in diameter, 
are well adapted for making this experiment. Small 
pieces of cork alſo may be uſed, It is obſervable, that 
the floating bocies will frequently tend toward each 
other, as well as toward the ſide of the veſſel. Their 
motion is accelerated, as we might expect, from the action 
of a force which operates conſtantly on them whether it 
is uniform or otherwiſe. The ſame phenomena may be 
obſerved in the bubbles floating on the ſurface of water 
or other liquor, when their tenacity is ſuch as will give 
them fufficient conſiſtence. | 

That power (whatever be the cauſe of it) by which 
bodies are impelled towards each other, has begn 
termed by Sir I. Newton and others atttaction, gra- 
vity, ot gravitation, It is an univerſal principle inbe- 
rent in all bodies or as fat as hitman obſervatian extends. 
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II. 


Glaſs planes held contiguous attract the 
water in which they are immerſed, and 
raiſe it up between them above the level of 
the external water, 1 N 


If the hw are held parallel, the water will riſe every 
where nearly to the ſame heighth ; but if they are in- 
clined af a ſmall angle, the lection of the planes being 
vertical, the heights of the waterat different diſtances from 
the ſection will be leſs, in the ſame proportion as the 
diſtances are greater. 'A line paſſing along the ſurface 
of the elevated water is an Hyperbola. 


III. 


Capillary l attract the water in which 
they are immerſed, and raiſe it above the 
level of the external water. 


The elevation. of water in capillary tubes, and be- 
tween the glaſs planes in the laſt article, is oceaſioned 
by the power of attraction which glaſs exerts on water: 
In any glaſs veſſel or tube which is not capillary, the 
water contained in it is always obſerved. to be a little ele- 
vated at the fides of the veſſel: in capillary glaſs tubes 
alſo the rim or circumference adjacent to the water's 
ſurface being the cauſe of its elevation, the quantity ele- 


vated will be proportioned to this circumference or to 


its diameter ; and being at the ſame time as the ſquare of 


the diameter inuftiplied i into the height, it follows that the 


height to which the water is elevated will be inverſely as the 
diameter of the capillary. It appears therefore that in any 
glaſs capillary tube the keight to which it will elevate wa- 
ter, and keep it ſuſtained, multiplied into the diameter of 


the capillary, is 4 given quantity; this is found by trial 


to 73 53 part of an ich: by means of this value, 
r the 


| 12 
the diameter of a capillary tube being given, the height 
to which it will elevate water will be known; for it will 
be the quotient of. ag divided by the diameter: thus, 
ſappoſe the diameter is 4% of an inch, the height to 
which the water will be elevated =.053X(20=1.06. 
The moſt exact way of meaſuring the diameter of a 
capillary tube is, by incloſing ſome mercury in it; if a 
given' quantity of mercury always occupies the ſame 
length of the tube as it is moved along to different 
parts, the tube is known to be cylindrical: Having 
meaſured the length of a column, or af ſeveral columns 
for greater exactueſs, let the length of the ſum of theſe 
columns be / in inches; let the mercury which has been 
included, be accurately weighed, and let o be the weight 
of it in grains ; if 13.6 he the ſpecific gravity of mercury 
(which is that of the pureſt ſort) when that of water is 1, 


the diameter of the capillary will be V ZN. 61923. 
IV, 
Plain ſurfaces of hard bodies .brought 
into contact, ſtrongly cohere. 


If a number of equal ſpheres touch each other, the 
quantity of ſurface in contact will be decreaſed, by dimi- 
niſhing the ſphere's diameters ; the points af contact be · 
tween equal ſpheres being in the direct ratio of their 
diameters. Hence if the force of coheſion depends 
on the quantity of ſurface in contact, a ſubſtance conſiſt» 
ing of equal ſpheres, which are perfectly hard and ſmooth, 
and of evaneſcent diameters, will oppoſe no reſiſtance 
to the motion of bodies which impinge on, or move 
through them, except that which ariſes from the igertia 
of the parts diſplaced: and this will afford an idea of a 


perfect fluid, 
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TE copper wire, one-tenth. a1 an inch i 
diameter, Will ſuſtain a force oqual to near 
390 Ib. before it is broken. DEAT, ADE e 


Metallic bodies loſe their coheſion of parts tn 
by being expoſed to certain degrees of heat; but on 
cooling, recover that quality without ſenſible diminution. 
May not beat operate by changing the figures of the 
component parts, ſwelling them into raundneſs, from 
being terminated by flat ſurfaces ? It is certain that in 
the latter caſe, the quantity of ſurfaces in contact would 
be in a phyſical ſenie infinitely greater than in the for- 
mer: ſo that if the coheſion of parts depends on the 
quantity of contact, heat applied in due intenſity, will be 
ſufficient to account for the converſion of a ſolid body 
into one that is fluid, only by changing the figures of 
the component parts. 


PRINCTPLES OF AT ed 


*; 
H a body be impelled by two or more 


forces and fag at reſt, Thoſe forces 4 
equally in oppoſite directions. 


The theory of forces conſiſts of Statics, or the prig- 
tiples 0 of equilibrium, and Mechanics, or the principles 
0 motion. In Statics, the impelling forces only are con- 
fidered, the inertia of the body impelled, being of no 
conſeguente;; when an equilibrium i is produced by the 
action of oppoſite forces, the quantity of matter ur by 
them need not be taken into account ; but in Mechanits 
boththemotive forces, and the inertia of the bodies moved 
muſt be eſtimated in order to aſcertain the motion pro- 


quced. 


Statics 


151 
$tatics precede. Mechanics in order, becauſe when it 
is required to aflign the motion produced by any number 
of forces acting at once on a body, it muſt be firſt aſcer+ 
rained what portion of theſe forces ſuſtain each other in 
equilibrio ; the direction and quantity of the remainin 
force will give the direction in which the body will be 
moved, and the force by which it is impelled in that 
. De 
If a body be acted on by two forces res 
preſented in quantity and direction by the 
two ſides of a parallelogram, a force oppoſed 
in the direction of the diagonal, and propor- 
tional ta it in ; yg ed will counterpoiſe the 
other two, and the body will remain at reſt. 


From this ſtatical principle we obſerve that any two 
forces may be l into one, and converſely any 
force may be reſalved into two; but though two forces, 
of which the quantities and directions are given can 
be compounded into one force, and one force oaly, yet, 
any given force may be reſolved into two others, which 
may be varied infinitely as to their quantity and direction. 


VIII, | 


If a body be acted on by three forces re- 
preſented iu quantity and direction by the 
three ſides: of à triangle, or by four forces 
' repreſented in quantity and direction by the 
four ſides of a trapezium, the bady thus 
acted upon will remain at reſt. 

Theſe propoſitions admit of very exact illuſtration from 
matter of fact; when the weights uſed amount to ſome 
| | thouſands 


of the mate 


| equal and oppoſite force, ſo as to ecaQtly balance them * 
thus in the experiment juſt deſcribed, the weight of 


(6 ] 


_ thouſands ah grains, the addition of 'two or three grains 


to any of the weights above their due many ſenſibly 
An the e e 


If a rod be ſuſpended ſo as to move frees 


ly on an horizontal axis paſſing through the 


middle point of the rod, and two equal 
weights be applied at equal diſtances from 


the axis, they will exact J ropntetpoye each 
other. 


The rod or lerer here uſed is  ſoppoſed 5 ks be 
void of weight and inflexible. _ In making mechanical 
experiments, ſome difficulty occurs from the weights of 
the inſtruments uſed ; ſince it is impoſſible to find any 
fubſtance void of gravity. To obviate this, the weights 
fal muſt be previouſly countęracted by ſome 


the rod or lever is countetacted b 0 making it reſt on a 
fulerum or axis, by which means, whatever weights are af- 


terwards applied to produce an equilibrium, they will ope- 
rate freely being uninfluenced by the * of the lever. 


X. 


A weight of two ounces ſuſpended on 
the arm of a lever, will balance a weight of 


four ounces ſuſpended on the other arm at 


one half the former diſtance from the axis. 


There will be always an equilibrium om the firait lever 
when the weights ſuſpended from the oppofite arms are 
. layertely proportional to their diſtances from the axis. 


XI. 


HE. 


There will be an 3 on- a Mme 
lever when the ſums ofthe products formed 
by multiplying each weight into its reſpec- 
tive diſtance from the axis, are equal on 
both ſides of the axis. 


From this principle we abtain a method for finding 
ſuch a point on thearm of the lever impelled by weights 
acting at diflereat diſtances from the axis, that the weights 
being all applied together at this point ſhall have pre- 
ciſely the ſame effe& as when they act at their reſpective 
diſtaaces. Let the weights be p, q acting at the diſtances 
from the axis a, 6 reſpectively: then the ſum of the pro- 
ducts formed by multiplying each body into its diſtance 
from the axis will be ap+6q: now let both the bodies be 


applied together at the diſtance . T., then this . 


ſtance being multiplied by the ſum of the weights 9+ — 
become ap + bq the ſame as before, by hich it is known | 
that the ſame force is exerted on the arm of the lever, 
whether the weights p, q are applied at the diſtance a, 4 


reſpeQively, or both weights p + 4 are together applied 
b 
at the diſtance 2 5 — J. 


In the ſame 1 N let the weights which act on the 
arm of the lever be p, 9, r, s, applied at the diſtances a, b, 
c, d reſpectively; then their force to move thelever will be 
exactly the ſame as when the ſum of the weights p+ 7 
+r+5 is together applied at this, common diſtance 
ap + bq+c +45 ds 

pr gt+r+s . 

The point thnedetermined i is called the centre of gravi- 
ty of the weights or forces, p, g, 7, and 5; and. from fimilar 
principles when the weights are diſpoſed on different lines 
or planes, a point may always be aſcertained, in which if 
the gravity of the whole be eee, it will my 
8 


— 


2 
mak. ec 


'” 


t 41 


the fame effet in impelling the body to which the fofces 


are applied, as when they all act in their refpective 


places, the following conditions being obſerved : that 
the forces act in directions parallel ta each other, ard 
parallel to the direction ia which they are all applied 
at the common centre of gravity, (baths | 
The earth's gravity attracts each individout particle of 
s body: andthe ſum of theſe weights will have the fime 


effect on the body as if they were all together ap- 


plied at its centre of gravity. This property is extended 
to boties of every ſtiape and dimenſion, and ftruated 
in every poſition in refpect of the horizon, provided the 
earth's gravity may be conſidered to act on each particle 
in parallel lines, and to ſuffer no ſenfible alterutioa 
at different diſtances from the earth's centte. The 
neceſſity of this limitation is fully explained in a treatiſe 
or electricity by the right hon, lord Mahon. 

The eſtimation of the forces by which gravity impelli 
bodies near the earth's ſurface is muck facilitated by this 
principle: for the gravity of any body, or ſyſtem of bo- 
dies, is by means of it transferred to a fingle point, in 
which the whole is concentrated. It likewiſe mathema- 
tically expreſſes the diſtance of one body from another as 
far as regards the action of their reſpective weights, this 


_ diſtance being the ſame as that between their centres of 
gravity. | 


| AL ys 
If a body hangs freely from a centre of 


ſuſpenſion, it will not he at reſt unleſs the 


line. of direction produced paſſes through 
the centre of ſuſpenſion. | 


Gravity acts in a direction perpendicular to the hori- 
zon: and the whole weight of a body being collected into 
the center of gravity, that. point will always endeavour 
to deſcend in a vertical line, and with a force equal to 
the bodies weight; for this reaſon a vertical line paſſing 
through the bodies eentre of gravity is called the line of 


direction. When the line of direction does not paſs 


through 


18 

through the centre of ſuſpenſion, the bodies weight may 
be always reſolved into two forces, one of which impels 
the centre of gravity directly from the centre of ſuſ- 
ſion, and is wholly counteracted, becauſe the centre of 
faſpenion i is fixed: the other force acting in a direction 
perpendicular to the former, and having no counterpoiſe, 
urges the centre of gravity, in the direction of a tangent 
to the circle which that point deſcribes round the centre 
of ſuſpenſion, It appears that this force is always as 
the fine of the angular diſtance of the centre of gravity 
from the loweſt point; when the centre of gravity is in 
this loweſt poſition, the line of direction paſſes through 
the centre of ſuſpenſion, in which caſe the force that 
communicates motion to the centre of gravity vaniſhes.” 
If a body is ſuſpended by a line from a fixed centre, 
it will be at reſt only when the line coincides with a per- 
pendicular to the horizon. An inſtrument of this kind 
is called a plumb-line, and is of very extenſive uſe both 
in philoſophy and the mechanic arts; by means of 
this line, the vertical direction and the borizontal plane 
which is perpendicular to it are preciſely determined.— 
The ſame may be effected by the level; but the plumbg 
line has the advantage of requiring no adjuſtments, 
whereas the exactneſs of the level depends on the poſi- | 
tion, either of the points from which the level is ſuſpen- 
ded, or of the baſe on which it reſts in reſpect of the up- 
per ſurface of the tube; and is beſides liable to ſome im- 
perfections from which the plumb-line is free, | 


; XIII. 


A body, or ſyſtem of bodies, will not 
be at reſt, N their centre of r 1 
ſupported. 


In the laſt article the centre of gravity was end 
by a fixed centre of ſuſpenſion, immediately under which 
the centre of gravity reſted quieſcent. But there are 
many caſes in which the centre of gravity may be ſup- 
ported quieſcent, although it is not abſolutely attached 
to a centre of ſuſpenſion. In a ſyſtem compounded 
i% 


= 


l 0 1 


of any differently ſhaped bodies, let a line be drawn 


from the common centre of gravity perpendicular 
to any ſurface contained in the ſyſtem ; then if 
the point on which the ſurface and line interſoct each 
other, although not fixed on a fulcrum, is fo placed on 
it, that the centre of gravity may be underneath, the whole 
will remain quieſcent; even if the ſurface be abſolutely 


a plane, and perfectly ſmooth, and the fulcrum a point. 


If the line drawn from the centre of gravity be not ex+ 
actly perpendicular to the furface through which 
it paſſes, yet if there is a certain coheſion between the 
fulcrum and the ſurface which reſts on it, there will 
ſtill be an equilibrium. Many experiments on the 
centre of gravity are derived from this principle, 


XIV. 


If any ſyſtem of bodies be placed on a fix- 
ed point or fulcrum, it will not reſt in any 
8 whatever, unleſs the centres of 
luſpenſion and gravity coincide. 

If the centres of ſuſpenſion and gravity do not coin- 
cide, there-will be innumerable pofitions of the lattcr 
point, in which the line of direction does not paſs 
through the centre of ſuſpenſion ; in any of theſe caſes, ' 


the body or ſyſtem of bodies cannot be quieſcent, by 
Art. (XI). 


XV. 


Ifa body be ſuſpended from centres of ſuſ- 
e paſſing through different points of 
the body, the interſection of lines drawn 
from theſe centres perpendicular to the ho- 
rizon when the body 1s quieſcent will coin- 
cide with the centre of gravity. 


In 


[on 7] 
' - Jo bodies that are of uniform denfity and at the fathe 


time admit of rical menſuration, the poſition of the 
centre of gravity may be aſcertained from theory : but in 


bodies wholly irregular, recourſe muſt be had to experi- 
| 5 — Ko: { 


XVI. 


If the plane baſe of any body, is placed 
on an horizontal ſurface, the line of directi- 
on paſſing without the baſe,” the body will 
fall: bat if the line of direction paſſes 

through the baſe, the body will remain 
ſupported. 

This is one among the many ways in which the cen- 
tre of gravity may be ſuſtained. While the line of di- 
xeQion paſſes through the baſe, the bodies weight only 


preſſes the baſe more forcibly againſt the ſurface an 
which it reſts : when the line of direction paſſes without 


the baſe, the centre of gravity loſes its ſupport, and the 
body falls till the centre of gravity is ſuſtained, + | 


XVII 


Let a f6lid of any kind be placed on an 
inclined plane: if the line of direction al- 
ways palles without the baſe, and the fric- 
tion of the ſurfaces be ſufficiently great, the 
bodies will roll down the plane; if the frice 
tion is diminifhedto a certain degree, the bo- 
dies will deſcend partly by rolling, and 


partly by ſliding: if it were Poſſible to re- 
2 more 


1 3 7] 
move friction entirely, they would deſcend 
by ſhding \ without any rotation. 


i It ſeems. at firſt view remarkable that a ſphere mould 
1 deſcend along an inclined plane without rolling; but it 
: 
4 


1s certain that there is no eee moans the rotation 
except that which ariſes from the friction of the ſurfaces, 
u hich being entirely removed the 3 muſt ſlide. 


XVIII. 


If a body with a flat baſe. is placed on 
. an inclined plane, and the line of direction 
x paſſes through the baſe, the body will be 
quieſcent or ſlide down the plane, accor- 
ding as the coheſion of the ſurfaces is to 
the bodies weight in a greater or leſs pro- 
portion, than that which the ſine of the 
+ Planes eleyation bears to radius. . 


; If a rod or beam be ſo conſtructed that 
1 WT the line drawn through the centres of gravi- 
4 
ty and ſuſpenſion ſhall be perpendicular to 

| any given line in the rod (tor example, that 
which paſſes along its upper ſurface), the 
rod hanging freely on its axis of ſuſpenſion, 
Ip will not be at reſt except when that given 
| line is in an horizontal poſition. 

This is plain becauſe in the pofition deſcribed, and'in 
that poſition only, the linc of direction paſſes through 
the centre of ſuſpenſion, 


= It'is evident that when the rod is quieſcent, the cen- 
| tre of gravity will be 19m: ediately under the axis of ſuſ- 


4 | penſion. 
| | 3 Upon 


r. 


13 1] 

Upon this BENE» the balance, an inſtrument of very 
general and extenſive uſe, is conſtructed. It is applied to 
eſtimate the weights of bodies, that is, to compare the 
veightof any given ſubſtance with certain ſtandard weights 

previouſly determined. 

When the axis of motion paſſes through the centre 
of gravity, the rod will reſt in any poſition whatſoever: 
If two weights were ſuſpended from the extremities of 
a beam or rod thus conſtructed and at equal diſtances 
from the axis, it is certain that the quieſcence of the rod 
would denote an equality between the weights acting 
upon it: and in this caſe the rod would be quieſcent in any 
poſition ; but it has been found more convenient that 
ſome fixed poſition of the rod ſhould denote the equali- 
ty of the weights, and none is ſo eligible as that 
which, is commonly uſed, the balance being horizontal 
when the weights ſuſpended from the extremities of the 
arms are equal: for practical uſe this poſition is aſcer- 
tained by an index directed to ſome fixed point. 

The index js uſually in a continuation of the line which 
paſſes through the centre of gravity and the axis off * 
ſuſpenſion perpendicular to that axis, 


70 XX. 
Whenthe balanceis quieſcent, if theindex 
is directed to any fixed point; and, when 

the balance is reverſed, the index is directed 
to the ſame ſixed point, the index muſt be 
in the ſame line with the centre of gra- 
vity, and the axis of ſuſpenſion. 

By this means the index ĩs adjuſted in the line which joins 
the centre of gravity and the axis of ſuſpenſion. 

The line which joins the points from which the weights 
are ſuſpended at the extremities of the arms ſhould paſs 
through the centre of gravity, perpendicular to the line 
Fache Joins the centres of gravity and ſuſpenſion; although 

tome conſtructions it approaches, or even cgzacides with 


the 


L141] 


— of lafpenfion: howeverthis may be, the lengths of 
the arms ill be eſtimated by the perpendicular diſtances 
between the points at the extremities of the arms to 
Which the weights arc ſuſpended, and the line joining 
the centres of gravity and ſuſpenſion. 
The weights of bodies are referred to known ſtandards 
of various kinds: bat as philoſophical computations are 
_ chiefly made in decimsl fraftions, it is found extremely 
convenient to arrange weights in that progreſton. There 
mould be two ſetts of them, one for the eſtimation of 
larger weights, and the other for that of the ſmaller, 
The following may be bound Hubictant for moſtphilo- _ 
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In the firſt progreſſion of weigits a Troy ounce is aſ- | 1 
ſomed an unit. In the latter ſett of weights, unity | 
. denotes a grain. By help of theſe progreſſions conti- 

-nued further if neceflary, we may expreſs with the 
| | greateſt readineſs the weight of any ſubſtance decimal- 
i by to 4 or 5 places of figures including the integers. 
Thus a ſubſtance which would be fougd by the uſual me- 
thod of weighing to be 1 oz. 2 pennyweights and 20 | * 
grains, would appear by the firſt ſett of weights to be | 

=1,142 oz. which requires no further reduction, = 


* 
. 1 — 
— — — — 
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ſuſpended 


5 L 15 J 


Let A and B. denote the arms of a ba- 


lance, and let a weight be ſuſpended from 


the arm A, balance another weight 6 
from the arm B: if 6 tuſ- 


rided from A balances 4 ſuſpended from 
the arms of the balance are equal; and 
the weights a and 6 are alſo equal. 


By this means the arms of a balance are adjuſted 
to equality. 

When the arms of a balance are equal, it is indifferent 
from which arm the body to be weighed is ſuſpended. 

When the arms are unequal, the balance is ſaid to be 
falſe, as not giving the true weight of the body weigh- 
ed, whether it be ſuſpended from the ſhorter arm or from 
the longer. There are however ſeveral properties of 
the falſe balance which are extremely uſeful in the eſti- 


mation of weights, as well as in correcting the errors | 


which may bave ariſen in the adjuſtment of * true ba · 
lance. 


A gh which contttrpaiſes an ounce 
when ſuſpended from the longer arm of a 


falſe N75 hes being added to the weight 


which counterpoiſes an ounce ſuſpended 
from the ſhorter arm, the ſum of theſe two 
weights is always greater than two ounces 

The exceſs is that part of an ounce, which is expreſ- 


ſed by a fraction of which the numerator is the ſquare of 
the difference of the arms, and the . denominator: the 


ge 


| if .;346 J 
product of the arms, Let æ and y be the two errone. 


dus weights, x being leſs, and y greater than an ounce, 
and let the arms of the falſe balance be in the propor- 


tion of 4: , à heing leſs than 5: then » d 


2 * : 
ad which, if s, the 


o 

true ſum of the W = oil there will re- 
main, the exceſs of the falſe, abc above the true weights, = - 
4 +6 a* + — 2ab _ unn 

8 i — 2 — ab __ 2 » , | 
This property is eafily illuſtrated by a balance with 
graduated arms, Suppoſe the lengths of the arms to be 
12 and 8, an ounce ſuſpended from the arm 12 will 
N counterbalance 14 oz ſuſpended from the arm 8; and an 
oz. placed at 8 will balance; oz, ſuſpended from ta: theſum 
of theſe falſe weights = 14 += 2x the exceſs of the falſe 
above the true weights being z : to compare this with the 


general ſolution we have a=8, 3 212, and 3— 4 216, 


ro, and the . as was before 
XXIn. 


If any ſubſtance be weighed ſucceſſively 
being Herr from the longer and ſhorter 
arms of a falſe balance, the true weight will 
de a geometrical mean between the two alle 


weights. 


Suppoſe the true weight of the ſubſtance weighed to 
de w, and the two falſe weights, x and y, of which 
x is. leſs than y; and let à and 3 be the arms of the ba- 
lance, 4 being leſs than 3, then we have * f w tt a: 5 
and | y: wrt: « 
joining theſe ratios See : 77 Tab 
it appears that x: m : 10 : y. | 

There 


199 1 
Thus if the arms are 12 and 8, and the true weight of 
the ſubſtance weighed 1 oz, the two falſe weights will 


be of. and g 02. between which a mean —— | 


proportional is x- ounce, the true weight. 
It appears that equality of the arms is not neceffery 
for the eſtimation of weights, the rule juſt — 
ted affording means for finding the weights of bodies 
with the ſame exactneſs, when the arms are unequal, 'as 
when they are perfectly adjuſted to equality. The trouble 
of taking a geometrical mean is avoided when the arms 
are nearly equal, becauſe in this caſe the arithmetical 
mean is to all practical purpoſes equal to it, Thus 
ſuppoſe the two falſe weights were 564 grains and 566 
grains; the arithmetical mean between them is 566, che 
- geometrical mean being 564.999 that differs from the 
other by too ſmall a quantity, to be at all ſenfible i in 
By means of the balance it is found that equal mag- 
nit udes of the ſame kind of uniform ſubſtance endeavour 
to deſcend with equal forces, or which is the ſame thing 
are of equal weights. Conſequently the weights of 
- ſubſtances that are uniform and of different magnitudes 
vill be as their magnitudes, or as the quantities of mat- 
ter coutained in the ſubſtances. For example, a cube of 


braſs, two inches each way, will weigh eight times as 


much as a cubic inch of the Tame ſubſtance, 

Suppoſe the cube of two inches each way, were com- 
- preſſed into the compaſs of 2 cubic inch, the weight 
and quantity of matter will remain unaltered; by a due ap- 
plication of this reaſoning it follows in general. that in 
ſubſtances of every kind, their weights are proportional 
to the quantities of matter contained in them. 

By the balance it is found that different kinds of ſub- 
ſtances which have the ſame magnitudes, are of different 
weights; which weights will therefore give the proportion 


of the quantities of matter contained in the ſubſtances. 


Hence is derived the definition of denfity, which is a re- 
lative term ſignifying the proportion which the weight or 
quantity of matter in one body bears to that in another when 
their magnitudes are equal: thus, a cubic inch of braſs 

D weighs 
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weighs eight times as much as a cubic inch of water; or 
in other terms the denſity of braſs is eight times grea - 
ter than that of water. In general the quantities of 

matter contained in bodies are as their weights or as 
their denſities and magnitudes jointly ; the denſities 
ate as their weights directly, and magnitudes inverſely ; 
And their magnitudes are as their weights directly, ard 
- denſities inverſely. - | 
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There will be an equilibrium on a ſtrait 

lever of any kind when the power is to the 

weight, as the diſtance of the weight to 
the diſtance of the power from the fulcrum. 
Alever is ſaid to be of the firſt kind when the 
fulerum or axis of ſuſpenſion is between the 
: E. and the weight. It is of the ſecond 
. kind when the weight is between the pow- 
er and fulcrum. A lever is ſaid to be of the 
third kind when the power is between the 
' fulcrum and weight. | | 
Ins making experiments on the Mechanic powers, the 
weights of the materials they are compoſed of, are ſup- 
- poſed perfectly balanced among themielves before the 
; weights and powers are applied; otherwiſe they will have 
ſome effect in altering the proportion of the power to 

the weight, when there is an equilibrium, and muſt be 
allowed for accordingly. | 


XXV. 


There will be an equilibrium on a bent 
lever of any ſhape and dimenſion, when the 
ee Weder 


F. | 


power and weight are inverſely proportional 
to lines drawn from the fulcrum, perpen- 
dicular to the lines of direction in W ich 
the power and weight are applied. 


Here the lines of direction are ſuppoſed to be drawn 
through the ponts on the arms of the lever where the 
power and weight are applied, whether they are perpen- 
dicular to the horizon or otherwiſe, provided they are al- 
ways inthe ſame plane with that in which the lever moves- 


XXVI. 


On a fixed pully there is an equilibrium 
when the power is equal to the weight. 


Although no Mechanical advantage is obtained by 
the fixed pully, yet it is very uſeful for changing the di-- 
rection of any force without altering its quantity, Thus. 
in a given weight may by a fixt pully be made to act ho- 
rizontally or in any direction inclined to the horizon. - * 


XXVII. 


— a ſingle moveable pully there will be | 
uilibrium, when the poſer: is to l 2 
— t, as one to two. ä | 
The weight of the moveable pully muſt be either 


arſt balanced before the power and weight are applied, 1 
or it muſt be ineluded in the weight ſupported. 5 


There will be an equilibrium in a 5. 
tem of pullies, in which the ſame ſtring 
2 goes 


4134 
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( 29 
round all the pullies Fontaine ed in two. 
blocks, when the power is to the weight, 


as unity is to the number of ſtrings at 15 
lower block. 
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On a ſyſtem of moveable oullies; i in which 
4 ſeparate ſtring goes round each pully, 

| there will be an- equilibrium when the 
| power is to the weight, as unity to that 

| power of two of which the index is the 

number of moveable pullies. 

| It is to be obſerved that in all theſe ſyſtems, the pul- 

lies uſed to ſuſtain a given weight, act againſt the force or 


| 
i powerapplied. In the ſyſtem which is next deſeribed all the 
E _ - Moveable pus: act by their "_ ſo as to iucreaſe the 


power applied. 


2 8 


XXX. 


In that ſyſtem of pullies in which the 
ſtring that goes round each pully is fixed 
to the weight, there will be an equili- 
brium when the power is to the weight, 
as unity is to that power of two, of which 
the index is the num ber of pullies, the 
whole being decreaſed by unity. 


A given power when applied to this ſyſtem of pullies 
will ſuſtain a greater w ight, than when the ſame power is 


applied to an e qual number of pullies mo apveding to 
any other . 


I | XXXI. 
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When the reſiſtance or weight which 
acts againſt a w is perpendicular to 
the ſides, there will be an equilibrium, 
if the power be to the weight, as the baſe 
of the wedge to the ſum of the ſides; or as 


the ſine of the ſemi-angle at the vertex of 


the wedge to radius. 


This is the cafe uſually adopted for making experi- | 


ments on the wedge. 

When the direction of the refiftance is inclined to the 
fides of the wedge at an angle greatet᷑ or leſs than go?, 
the proportion between the power and the weight, when 


there is an equilibrium, will depend om the manner 1 
which the refiſtance is applied to the two fades. 


in the firſt place, let the reſiſtanee or weight be foch 
as may act on the ſides by means of fome rigid pointed 
body which will adhere to the place at which it is ap- 


plied. without ſliding: let the ſemi-angle at the vertex . 


of the wedge be A; the angle at which the reſiſtance is 
inclined to the des of the wedge = B: there will be 
an equilibrium when the power-is to the weight as the' 


coſine of B A to radius. When therefore the direction 


of the reſiſtance or weight is perpendicular to the baſe, 
becauſe BA, the power will be equal to the weight.” 
If it acts in a direction parallel to the baſe, the power 
will be lefs than the weight in a greater than any alfign- 
able proportion. If the refiftance is applied in a diree- 
tion perpendicular to the fides, the power will be to 
the weight as the baſe of the wedge to the ſum of the 
ſides, when they ſuſtain each other in equilibrio. 
Secondly; If the refiſtance is applied by means of 
any ſubſtance that may flide along the ſides, the propor- 
tion of the power to the weight will be altered; being 
now as fine A ine g; to R* (R being put for the radits) 


in this cafe, if the reſiſtance acts in a direction perpendi- 
cular to the baſe of the wedge, the power will be 10 


the 
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the weight or reſiſtance as fine A* to R* : if the reſiſtance 
is applied in a direction parallel to the baſe, the power 


will be to the weight as fine A x coſ. A to R' that is as 


the ſine of the angle at the vertex of the wedge to di- 
ameter. Laſtly; when the reſiſtance acts in a direction 
perpendicular to the ſides, the power will be to the 
weight or reſiſtance as the baſe of the wedge to the ſum 
of the ſides when they are in equilibrio, 

Due regard being had to theſe diſtinctions, it js found 
that experiments on this mechanic power perfectly cor- 
reſpond with the theory, whatever be the direction of 
the forces jn reſpect of the ſides to which they are applied 
in order to ſuſtain the weight. 


XXXII. 


There will be an equilibrium on the 
whcel and axle when the power is to the 
weight, as the radius of the axle to the 
radius of the wheel. 


XXXIII. 
There will be an equilibrium on the 


| ſcrew when the power is to the weight, as 


the diſtance between two contiguous threads 
to the circumference which the One de- 


{cribes. 
XXXIV. 


If a weight is ſuſtained on an inclined 
plane, by a power which acts in a directi- 
on parallel to the plane, the power will be 
to the weight, as the height of the plane 
to the length, 55 

XXXV. 

If a weight is ſuſtained on an inclined 

plane by a power which aQts 1 in a direction 


44 pa- 


* 
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parallel to the baſe, the power will be to 
the weight as the height of the plane to 
the baſe. 


XXXVI. 


If a weight be ſuſtained on an inclined 
plane by a power which acts in a direction 
any how inclined to the plane, the power 
will be to the weight as the ſine of the 
lane's elevation, to the coſine of the a 

in which the direction of the power is incli- 
ned to the plane. 


XXXVII. 


On a compound lever there will be an 
equilibrium when the power is to the weight 


as the product of the powers on each lever 
is to the product of the weights. 


There will be an equilibrium on a machine compound- 
ed of any number of Mechanic powers, when the ratio 
of the power to the weight, is equal to the ſum of 
the ratios exprefling the power and weight, when there 
is an equilibrium on each mechanic power. 

The exactneſs of ſtatical experiments muſt by no 
means be judged of only from the equilibrium which is 
produced by the action of oppoſed forces. 

Cohe ſion and a defect in the mechanical conſtruction ope · 
rate to prevent motion, and thus create the appearance of 
an equilibrium, between weights or other forces, whether 
they are in their true proportion or otherwiſe, That ex- 
periments on the equilibrium of d may be fatisfac- 


tory 
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torr, the effects of coheſon and of mechanical imper- 
fections ought to be removed as much as poſſible; and 
the remains of them aſcertained by obferving what 
ſmall weight is neceſſary to overcome them. Limits affo 
ſhould be aſſigned to any errors that can happen in adjuſt- 


ing the directions in which the different forces are ap- 


ed. . | 
F In experiments on the motion of bodies the effects 
of friction and inaccurate conftruftion, appear im- 
mediately by altering the fpaces deſcribed, times of de- 
ſcription and velocities acquired by bodies which are 
the objects of experiments. The inertia of the materi- 
als which the inſtruments uſed conſiſt of muſt be al- 
lowed fot, and the air's reſiſtance taken into account in 
thoſe caſes where the velocity acquired is conſiderable. 


When all impediments to motion are removed or reduced 


within certain limits, the experiments will be the more 
deciſive and the more nearly coincident with the theory 
of motion, according as theſe limits approach more near- 
ly to coincidence. 


PRINCIPLES OF RECTILINEAR MOTION. 


\ 


xXxVII. 
Every body perſeveres in its ſtate of reſt 


or uniform motion in a right line, untill a 
change is effected by the agency of ſome ex- 
ternal force. 8 


This is aſſumed as an axiom in Mechanics: it may be 


may be made evident to the ſenſes by very ſatis factory ex- 

That power by which bodies endeavour to continue 
in the ſtate of quieſcence or uniform motion in a right 
Une is called Inertia or ſometimes Vis Inertiæ. 
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| XXXIX. 
Bodies: by tlieir Vis Inectie, reſiſt the im- 


Pulte of any force tending to ſet them in 
motion. Bodies in motion reſiſt the im- 


pulſes of any force tending to e 4 of 
diminiſh their motion. 


To eſtimate the motion of bodics, their inertia muſt 
be taken into account ; whereas the equilibridm produ+ 
ced by the action of any forces depends only on the 
rein and direction of theſe forces, being wholly i in- 

ependeat of inertia. 

To form an adequate idea of the laws that are ob- 
ferved in the communication of motion, the bodies im- 
pelled ſhould be conceived to exiſt in free ſpace and void 
of gravity, ſo that to a given ſubſtance various degrees of 
forces may be applied; but this cannot be effected in 
bodies falling 5 reely near the earth's ſurface, becauſe 
the ſame fubſtance is always impelled by the fame force 
of gravity which admits not of increaſe or diminution. 
This difficulty may be obviated by balancing two equal 
weights joined by a fine flexible line which goes over a pul- 
ly: the axle of the pully muſt reſt on wheels PEN 
for the purpoſe of diminiſhing friction. 

The motive force of gravity being deſtroyed 
the contrary and equal action of the weights, they w 
remain quitſcent till ſome force is applied to them. When 
any impulſe is communicated in a vertical direction, 
they will afterwards be obſerved to deſcribe equal ſpaces 
in equal times, or in other words they will move uniform 
ly, and the velocity communicated will be preciſely the 
ſame as if the ſame impulſe had been impreſſed on a 

quantity of matter equal to the two bodies exiſting in 
free ſpace without gravity ; due allowance being made 


for the inertia of the wheels, according to rules here- 


after e 
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Let two equal weights be ſulpeded 
by a line joining them and going over a 
fixed pulley.” If any weight be added to 
either of them, it will preponderate, and in 
its deſcent will deſcribe ſpaces which are as 

me ſquates of ther times af falling from | 


If a body falls freely by the force of gravity, it will 
deſcribe about ſixteen feet and an inch in one ſecond 
and fixty four feet in two ſeconds of time ; theſe great 
velocities of bodies which deſcend freely make it im- 
poſſible to obſerve the proportion ot the ſpaces deſcribed in 
reſpect of the times with any preciſion. In the following 
experiment the quantity of matter continuing the ſame, 
the motive force of gravity is ſo diminiſhed that the ve - 
loc ity generated in a few ſeconds will be inconfiderable ; 
and will admit of the ſpaces deſcribed, and times of de- 
ſcription being ſatisfactorily obſerved. 

Suppoſe each of the two equal weights to be 26 n and 
theacdiconal weight apphed to either of them =»: ; then 
this additional weight will be the only force by which mo- 
tion is communicated. The maſs moved will be n + 52» 
+ the Inertia equivalent to that of the wheels, In the 
indrument conſtructed for theſe experiments the iner- 
tia of the wheels was zu which makes the inertia alto- 
gether —=64. The preponderating weight deſcending 
from quieſcence during the times 1, 2, and 31econds, de- 
ſcribes 3, 3 X 4, and 3 x9 inches reſpectiychy, the ſpaces 
bcing in the duplicate ratio of the times of motion. 

By means ef the inſtrument juſt referred to, the 
force and the inettia or maſs moved may be conſtructed 
in any given proportion, under certain limitations not 
necellacy to be here mentioned. 

In the notes to theſe experiments the following abre- 
viatjons will be uſed: the lotter 8, will ſignify the ſpace 

de - 
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deſcribed by any body of which, the quantity of matter 
is Q, being moved by the force M, during the time T, 
the motion being | eſtimated from quieſcence. 2, , 
v, m, will repreſent fimilar quantities in reſpect af ano- 
ther body of which the maſs is : the forces M and , are 
ſuppoſed to aft uniformly. © ho bs 


XLI. 


If different forces are ſucceſſively applied 
to accelerate equal quantities of matter 
from quieſcence, the ſpaces deſcribed in 
any given time will be in the fame pro- 
portion with the force. 

I a quantity of matter = 64, is impelled by a 
force = 64m, that is by the whole force of gravity acting 
on it, the ſpace deſcribed from reſt in one ſecond of time 
will be 193 inches. If the ſame quantity of matter 64, 
is impelled for one ſecond by a force = m, the ſpace 


deſcribed during that time from quieſcence = _ 2. 


bout z inches ; being deerenſed in the ſame proportian 
\ with the force of impulſe. In general = r x M * 


_ and when T and Q, as in the experiment, 


17 


M 
[ be; 


If the ſame force impels different quan- 
tities of matter for any given time, the ſpa- 
ces deſcribed from quieſcence will be in- 
yerſely as the quantities of matter moved. 


"M 2 * 1f 


. 


dt 


I the force = u, and the maſs ge 6%, The. pace de. 


feribed during one ſecond will be 3 inches. If the Force. 


=m andthe maſs zm the ſpace deſcribed in the ſame 
time will be 6 inches. In general when the forces and 


times of their action are the ſame === 4 
A m. | 
1. fy force is. increaſed. or e in 


„ 


time, will be #5 wh 1 
Let m, zm, and 4m, be the moving forces WAN Yor: 


the quantities of matter 32m, 64, and. 128m, reſpective - 
: iy; then will impel zam through 6 inches in a ſecond: 


and am will iwpel 642, and 4 will impel 128 through 
the ſame ſpace in the ſame time. The deſoents being 
eſtimated from  quieſcence. þ 


EN 
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| The general princip e is this, — =— x A 3 but 


=: and M: :: Q: 9, or % by the con- 
Arudtion of the experiment; wherefore 8 2 


From hence it is known that when different quantities 


of matter deſcribe equal ſpaces in equal times, being 
accelerated from quieſcence, the forces muſt be | in the 
ſame proportion, with the quantities of matter moved. 
This principle applies to the actual deſcent of bo- 
dies falling freely towards the earth's ſurface: for it is ob- 
ſerved that though heavy and light bodies as they are 
uſually called falling from reſt in open air deſcend with 
very different degrees of veloeity, yet in yacuo, their de- 
ſcent through any given ſpace will be performed in the 
ſame time; from whence the inference is, that the force 
exerted e on falling bodies is in the fame propor- 
ton with e quantities of matter contained in them. 
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ä 11 1 vieod of gold and 4 heather bein to 

fall at — ſame inſtant from the top of a 
receiver well enhauſted of air, they will 
both deſcend to the bottom of the receiuer 
in the ſame time. 


In a deſcent of 5 feet, no difference in the times of | 
deſcent i is perceptible. 

la deferibing greater ſpaces it iv probable that the air 
remaining in the receiver, however ſmall in quantity, 
may" cauſe ſome ſenſible retardation in the lighter body. 


XLV. 
7 1. a 1 * is moved e PLONE 
any gigen time, it will at the end of that 
time, have acquired ſuch a velocity as will. 
if continued uniform, carry ĩt in the ſame 
time through double the ſpace which the 
body has already deſcribed to acquire that 


velocity. 


Let the maſs moved be 64, the force : then in 
two ſeconds the maſs will have deſcribed 12 inches with 
an uniformly accelerated motion: if at the end of that 
ſpace the force be removed and fo prevented from 
further acceleration of the body, it will proceed uni- 
formly and deſcribe 24 inches in the next two ſeconds of 
time. 
By this means the velocities a by bodies that are 
acted on by conſtant forces admit of being obſerred ex- 


9 with great precifion, 


XLVI. 
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If the ſame force acts on the ſame maſs, 
for different times, 1 ſecond, 2 ſeconds, 
and 3 ſeconds, the velocities generated will 

be then 6 inches, 6 * 2 inches, and 6 X 3 
inches in a ſecond, reſpectively being in 
the ſame proportion with the times in which 
the given force acts. 
In general, when the quantities of matter and forees - 
are the ſame, the velocities generated will be as the 

Q VI 


* 1 Ma 
times of motion, or when —=1, and —= 1, 
ar PE 10S: & et ge ne Ire” 


XLII. 


If any given quantity of matter is moved 
from quieſcence by different forces during 
a given time, the velocities acquired will be 
in the ſame proportion with the forces. 
Loet the maſs SA, and let the forces be , 2», and 
zu ſucceflively : the velocities acquired in one ſecond of 
time, will be 6 inches, 12 inches, and 18 inches in 2 | 
ſecond reſpectively, being in the ſame proportion with the | 


54 | 
forces. In general when = =, and— = VMM 


* 
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If a given force impels different quanti- | 
ties of matter for the ſame time, the velo- | 
cities generated will be inverſely as the 
quantities of matter. | | 


If the given force is n, and the quantities of matter 
64mm, and 321, the velocities acquired in two ſeconds will 
be 12 inches and 24 inches in a ſecond, 


if 1. I | XLIX. 


+ If a body is moved from quieſcence 
through the ſame ſpace by different forces, 
the velocities generated will be in a ſubdu- 
plicate ratio of the forces. 123 
Leet the maſs be =64m and the force ==. The ve- 
locities acquired in deſcribing 12 inches will be 12 iaches 
in a ſecond, Now let the maſs =64m, and the force 
Sn: the body in deſcribing 12 inches will acquire a 


velocity of 24 inches in a ſecond: the velocities acqui- 
red being in a ſubduplicate ratio of the forces. In ge- 


e 
| 2 $ 919 4 7 
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L. 


If a given quantity of matter is impel- 
led from quieſcence, through different ſpa- 
ces by the action of the ſame force, the 
velocities generated will be in a ſubdupli- 
cate ratio of the ſpaces deſcribed. 


. 1, and Br ENS | 
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Force is always homogeneal with weight, andits quanti- 
ty is eſtimated by comparing it with the force which the 
earth's gravity exerts upon ſome known or ſtandard ſub- 
ſtance.— Thus the action of any animal muſcle may 
be counterpoiſed by a weight: ſo may the elaſtic force 
of the tir or that of a mechanical ſpring: and the quantity 
of the countetpoiſing weight will give the force of the 

muſcle 
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muſcle or ſpring. The accelerating force is a number 
which expreſſes the proportion of the velocities gene- 


rated in two quantities of mater by their reſpeclive im- 
pelling forces in the ſame time. All accelerating for- 


' xes are teferred to that of the earths gravity as a Han- 


dard; this force is ſuch as will generate a. yelocity 


& : F willbe thatof. Mx g, N Nor © = x 


of about 32+ feet-in a ſecond, in bodies which, fall 
freely. And becauſe when ah 902 conſtant forces gre 
appliea to accelerate a body, Y velocities generated in a 
zen time are as the forces directly and quantities of mat - 
ter of inverſely by Art. 48 and Art. 49 it follows that the 
accelerating forces will obſerve the ſame proportion, being 
as the forces directly and the quantities of matter moved in- 
verſely : let M and a: repreſent the forces which impel the 
bodies Quand the proportion of the accelerating forces 
g 
. 
When bodies are accelerated from quieſcence, the re- 
lation of the ſpaces deſcribed, velocities acquired, times 
of motion and accelerating — will be expreſſed a$ 


follows. 

z "vLÞ 
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Theſe expreſſions are general and are applied to eſli- 
mate the effects of any conſtant forces. 

If F be put St, being the accelerating force of gra- 
vity, 1 ſecond, „210; inches I; then gl, and 
the precediug expreffions become thoſe which follow, in 
which the force reſerted ROE is __ wo the 
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Which will give the abſolute ſpaces deſcribed, times of 

deſcription, and velocities acquired by any conſtant acce- 

lerating forces, provided they are expreſſed in refe- 

| rence to that of gravity affumed as=1, the velocity 

acquired being eſtimated by the ſpace that would be de- 
ſeribed n in one ſecond of time. 


LI. 


If two bodies begin to deſeend from the 
higheſt point of an inclined plaue at the ſame 
a one of them will fall through the 
perpendicular height, while the other de- 

ſcends on the plane. to the interſection of 
a 1 drawn from the 51 
angle. 0 


In this caſe the ſpaces deſcribed are as the forte: of 5 


celeration, or 75 =: therefore, bee in general | 


= WEE S, the times of motion muſt be the ſame, 


In this ad each point of the — 
body is ſuppoſed to move with the ſame velocity, be 
ing equal to that with which the centre of gravity moves; 
But if the body which deſcends along the plane ſhould roll, 
the times of motion will be different from thoſe which aro 
expreſſed in the article. 
If the body deſcends on wheels, the weight of which 
bears a very ſmall proportion to, that of the hody, by de- 
F ſcending 


1 


ſrending in this manner, it will be accelerated nearly in the 
ſame degree as if it ſlided down the plane without friction. 
This remark is applicable to the next article, 


III. 


If bodies deſcend along inclined planes 
which have the ſame height, the times of 
deſcent will be as the lengths of the planes. 


In general = - * A. but in this articles, 2 — 
e 5 1 


f 
„ 


which being ſubſtituted, we have + = or — = _ 


3 f 3 


that is, the lengths of the planes are in the ſame propor- 
tion with the times of motion. 


LIII. 


If equal quantities of matter are projected 
in free ſpace with any given velocity, and 
are reſiſted by different but invariable for- 
ces, the ſpaces deſcribed before tlie whole 
motion is deſtroyed will be inverſely as thoſg 
reſiſting forces. 8 

Let a maſs of 61 be projected with a velocity of 18 


inches in a ſecond, and let it be refiſted ſucceſſively by 
the forces , zm, and zu, the ſpaces deſcribed before 


| .6 
the motion of the body is deſtroyed will be —.— 


25.6 


and theſe ſpaces being ia the inverſe proportion of 


the reſiſting forces. 
The properties of acceleration are applied. to thoſe of 
retardation by changing the velocity acquited for the 
ve- 


24 4 —— — —ͤ — — 
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velocity of projection or uniform motion when the re · 
ſiſtance is applied. Moreover the moving force muſt be 
changed into reſiſting force, and the accelerating force, 
which was proportional to the moving force directly and 
quantity of matter inverſely, or to the velocitygenerated in 
any given time, when theſe propbſitions are applied to re- 
tardation, will become the retarding force, which is pro- 
portional to the reſiſting force divided by the quantity of 
matter, or to the velocity which is deſtroyed in a given 
time, | 


x5 when V = =» asin the cave 


ment 8 ==£: : or the ſpaces a are in | the =z err 
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tion of the retarding forces. 
ILIV. 
IF any body moving in free ſpace uni- 
formly is reſiſted by a conſtant force, for 
any given time leſs than that in which the 
whole motion would be deſtroyed; the ſpace 
deſcribed will be the difference between the 
ſpace which meaſures the initial velocity of 
motion multiplied into a number expreſſing 
the given time, and that ſpace which the bo- 
dy. would deſcribe if accelerated during the 
given time from quieſcence by! a force quad 
to that of reſiſtance. 


Theſe pro — and others relating to the ſub- 
ject, _ of experimental — with the greateſt 


U 


In 3 che ſpace deſeribed by a body conſtantly te- 
tarded by the force F in the time T, eſtimated from the 
firſt moment of refiſtance, will be VTI I: 35; 
Let a maſs =634m be projected with a velocity of 
11,87 inches in a ſecond, if it is reſiſted by a force * 
F 2 
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it will defcribe 21.95 inches in 3 ſeconds; Here Va 
11.87, T=3, Fg, 1=193 inches: and 8 =. 
FT“ 35. 61 — 13.66 21.95 inches. 


1. 
I ſpherical bodies having deſcended from 
reſt through different ſpaces, impinge on 


fnow, clay, or other ſimilar given ſub- 
ſtance of uniform texture, the depths to 


which they fink will be in the joint pro- 


of the heights they fall from, their 
diameters and ſpecific gravities, 


The forces with which ſubſtances ſuch as ſnow, clay, 
&c. reſiſt the progreſs of ſpherical bodies that 3 
on them are nearly uniform, ſetting aſide what irr 
rity may ariſe from the figure of the impinging bodies : 
it is certain that during the gradual motion of a ſphere 


impinging on any ſubſtance to a depth equal to its ms 


qius, the force of reſiſtance will vary conſiderably; 
but as the whole depths are underſtood to be much greater 
than the radii of the ſpheres, and the reſiſtance is uni- 


| form after the ſphere has funk to a depth equal to radi- 


98, it is confidered wholly fo without creating any objec- 
tionable error in a ſubject, where mathematical inen 


is not neceſſary, 

This being granted, the reſiſtances oppofed by the 
fame. fubſtance will not depend on the velocities of impaQ 
or on the denſities of the ſpheres, but on their diameter 
only, being in a duplicate ratio of them : let 7 repre- 
ſent the ratio of the altitudes from which the ſpheres 
deſcend before kt Ru on the ſurface of the clay, or 


other ſubſtance : > be the ratio of the diames 


ters of the ſpheres x that of their ſpecific cles; 
then 


1 
men che general notation being obſerved, we have, 
| S % RY 8 20 „2 „bur 


— 4 8 = 3-*M 11 a Pd 
— 25 * = which quantitice toing ſubſtituted, it ap- 
. 


pears that = * * that — ratio of 


, 
of the whole ſpaces or. depths to which the ſpheres pene- 
trate, will be equal to the ratio of the altitudes from 
which they have deſcended, added to the ratio of the 
ſpecific gravities, and that 6f their diameters. In this 
caſe the ſpheres are ſuppoſed to impinge on the ſame ub - 
ſtance: if rhe ſubſtances are different, the ratio of theic 
_ abſolute refiſtances ariſing from their different textures 
muſt be known: this ratio will be known from the 
depths to which two equal ſpheres of the ſame den- 
fity and impinging with the ſame velocity fink into the 
ſubſtances reſpectively being the inverſe ratio of thoſe 
depths: if this ratio of the abſolute reſiſtances be that of 
8 H N 22 ts 5 
R tor; then 77 we a 4 4 ' 
To this expreſſion, may be referred the known experis 
ment by which it is ſhewn that if ſpheres of equal dia» 
meter, having fallen from heights which are reciprocally 
as their ſpecific gravities impinge on the ſurface of clay, 
the depths to which they fink will be equal: for in the 
r 1 


. N 3 7 * K 2 1 N 


N 7X =. by the conſti uction of the experi- 
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ment; therefore © S tor the depths to which the ſpheres 


fink are equal, 
The 
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The preceding articles relative to the motion of bodies 
gradually accelerated and retarded are placed before 
thoſe, by which the impact of bodies is determined, be- 


cauſe the laws of collifion ſeem to depend entirely on 
thoſe of accęleration and retardation. | 


ON THE COMMUNICATION OF MOTION BY 
COLLISION. 


LVI. 


Addon and rai are ia 4661) in con- 
trary directions. 


This propoſition is aſſumed as an axiom in Statics and 
Mechanics, and admits of very ſatis factory illuſtration 
from experiments. 

When a force of any kind is counterpoiſed, whether it be 
by the ſtrength of animal muſcles, the preſſure of a fluid, 
the elaſticity of a ſpring &. each of theſe oppoſed for. 
ces will be equal to ſome given weight, which, if it be 
ſubſtituted ſo as to act inſtead of the force, will preſerve 
the equilibrium unaltered. Even an immoveable obſtacle 
exerts à definite force equal and contrary to that which 
is applied in any manner or degree to alter its poſition : 
for ſuppoſe the obſtacle to be taken away, a force equal and 
contrary. to that by which it was before urged muſt be 
ſubſtituted in its place to preſerve the equilibrium, 

It a body impinges againſt another body moving in 
the direction of a line which joins their centres of gravi- 
ty, the two bodies mutually act on each other in auy gi- 
ven inſtant of their colliſion with equal forces, which 
equal forces will always have the effect of retarding the 
ſtriking body, and of accelerating the body ſtruck if it 


moves in the ſame direction with the ſtriking body, and 


of retarding it, if it moves in the contrary direction. 


. 

This mutual action and reaction of bodies may be illuf- 
trated by ſuppoſing a ſpring in the form of an Helix 
the axis of which coincides with the direction of motion 
to be interpoſed between the two bodies; then, in what - 
ever degree the ſpring is compreſſed, it will exert the ſame 
elaſtic force on each of the bodies (The ſprings inertia 
not being conſidered). When the ſpring firſt begins to 
be compreſſed, the force by which it retards the ſtriking 
body and accelerates the body ſtruck is the leaſt of all : 
it afterwards will continually increafe during each fſuc- 
ceſſive inſtant, till its compreſſion is the greateſt poſſi- 
ble, The intenſity of this force may vary according 
to any imaginable law, but whatever be the varia- 
tion, it will act equally on both bodies during the ſame 
inſtant. | 

When the two bodies have acquired a common velo- 
city, the ſpring can ſuffer no further compreſſion : and 
may then begin to reſtore itſelf with various degrees 
of force from o to the force by which it was com- 
preſſed. When the reſtitutive force is = o, the caſe 
anſwers to that of nonelaſtic bodies; when the reſtitu- 
tive force is equal to that of compreſſion, the action of 
the ſpring will be fimilar to that of perfectly elaſtic bo- 


LVII. 


If a nonelaſtic body A, moving with 
the velocity a, impinges on a body B, 
moving with the velocity 5, and the di- 
rection of the ſtroke is in a line which 
joins the centres of gravity, the following 
proportion will determine the velocity 
communicated to B: as AB: A:: 4-4: 
to the velocity acquired by F. | 


Motion 
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Motion cannot be communicated to any body inſtan- 


. taneouſly, but muſt be produced by gradual accelcration, 


it not being conceivable that any really exiſting body 
- ſhould paſs from quieſcence into finite motion, or from 
one degree of finite motion to another, without having 
poſſeſſed all the intermediate degrees of velocity. 
Suppoſe a ſpherical body to impinge on another body 


of the ſame form, moving in the ſame direftion with 


the line which joins their centres, and let both of 


them be perfectly nonelaſtic. When the ſurfaces of 
- theſe ſpheres are juſt in contact, the diſtance of their 
centres will be juſt half the ſum of their diameters ; but 
- as the figures are gradually. changed by the impact; 
their centres will become nearer than before; dn- 


ring the time of their approach, the centre of the ſtri- 
- King ball will move with a greater velocity than that 
of the ball ſtruck; and the reſiſtance which the 
ſpheres oppoſe to the change of their. figures, will act 
- equally on both ſpheres in contrary directions; that 
is, the force by which the firiking body is reſiſted, 
will urge forward the body ſtruck, which therefore will 
be gradually accelerated, and the ſtriking ball retarded, 
- ugtil the centres are at their leaſt diſtance, the change of 
the bodies figures being then the greateſt, at which - 
inſtant all acceleration of the ball ſtruck and retardation 
of the ſtriking ball ceaſe, and the two centres begin to go 
on with a common velocity. 
This reaſoning concerning the colliſion of bodies is 


"equally applicable to tlie caſe in which both bodies are 


nonelaſtic, as when one is perfectly nonelaſtic and the 
other perfectly hard. It is, likewiſe equally appli- 
cable to the colliſion of bodies which are elaſtic in 
any degree, ſo far as regards the velocity communicated 
to the body ſtruck during that ſmall but finite portion of 
time in which the figures of the ſpheres receive their 
_ greateſt change, their centres then beginning to go on 
with a common velocity in bodies of every kind of tex - 
tile. 2 


6 In 


( 4 ] | 

In elaſtic bodies the power which reſtores the changed 
figures will depend upon the textures of the hodies, and 
may be in any degree variable from being nothing (this 
anſwering to the caſe of nonelaſtic bodies) to its being 
equal to the force by which this change was occaſioned. 
Bodies which poſſeſs this reſtitutive power in ſo great a 
degree are termed perfectly elaſtic : but whatever be 
the intenlity of the elaſtic power it will always add to 
the velocity acquired by the body ſtruck, during the change 
of figures, and will diminiſh the velocity of the ſtriking 
body, | 

The common velocity is next to be aſcertained, the 
weights and velocities of the bodies before the impact 
being given. . 

The time in which the additional velocity is acquired 
by the body ſtruck, that is, in which the ſig. tes of the 
bodies receive the greateſt change being finite, may be 
divided into moments or evaneſcent inſtants, aud the 
force by which one or both bodies reliſt the change: 
of their figure cauſed by the impact, during one of 
theſe inſtants, acts equally and in oppoſite directions on 
the two bodies (Art, LIV.) notwithſtanding ia different: 
inſtants this force may in any degree vary ; but the 
force being in a given inſtant the ſame in reſpe& of both 
bodies, the velocity generated in the body ſtruck and that 
Joſt by the ſtriking body will be in the inverſe proportion 
of the quantities of matter contained in the bodies: 
that is the velocity communicated to B will be to the 
velocity loſt by A, as the latter body is to the former. 
And this proportion being the ſame through all the ſuc . 
ceſſive inſtants till the greateſtchangeof figures takesptice, 
whatever be the magnitude of the force which acts in each 
inſtant, it will follow that the whole velocity communicated 
to B, will be to the velocity loſt by A as A to B. let y be. 
the velocity communicated to B, and let x be that which 
is loſt by A: then by what has preceded, as x :y::B; 


"Oh | 
A, and x= =; thereforethe common velocity of A and 


B, when their change of figures in the greateſt, iy 
G | 
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d=, = b + y; from whence is obtained y x AB 
AXa—b which equation is reſolved into this analogy. 
As ATB; A: :: 2 -: 5g the velocity communica- 
ted to B. | | 
It is evident from the notation that a- * g- are 
cach equal to the common velocity of A and B. 


LVI. 


An ivory ball impinging againſt a qui- 
eſcent ivory ball of twice its weight in the 
j direction of a line which joins their cen- 
f tres, coromunicates to the ball ſtruck, near- 
ly two thirds of the velocity with which 
the impact was made. 


If the balls are perfeAly elaſtic, the general rule for 
determining the effects of collifion is this: as the ſum of 
the bodies is to twicethe ſtriking body, ſo is the difference 

ö of the velocities before the impact (eſtimated in the ſame 
1 direction) to the velocity acquired by the body ſtruck, 
The time in which the effects of collifion of elaſtic 
bodies are produced, ſhould be conſidered as being divi- 
_ ded into two portions ; the firſt is that in which the 
figures of the hodies receive their greateſt change, at the 
end of which time the bodies begin to go on with the 
lame velocity; the other portion of time that in which 
| the changed figures are reſtored, 
l; 25 Let the ſtriking ball mentioned in the article prefixed 
| de A, moving with the velocity a: let B be the ball 
ſtruck micving with the velocity 5: alſo let x be the ve- 
locity loſt by A, and y that which is gained by B during 
the firft portion of time, at the end of which the velocities 
of A and B are equal. | 
- The two portions of time above referred to, may be 
either equal or unequal ; ut whatever be the proportion 
2 between 


1 
between them, they may be divided into an equal num- 
ber of inſtants. 0 

Let the elaſtic force be ſuch that the velocity acquired 
by the hody ſtruck in any given inſtant in conſequence of 
the elaſticity may bc to the velocity which was before 
acquired in the inſtant correſponding as : 1, x being 
_ aſſumed as a meaſure of elaſtic force. 

The whole velocity acquired by the body ſtruck from the 
elaſtic force will be to that which was before acquired, 
in the ſame proportion of : 1, this will give the 
entire velocity of B after the impact =5+y+my, and 
by fimilar reaſoning, the velocity of A after the im- 
pat =a—x—mx; or of m+1 be put =», the velocity 
of A after the ſtroke Sa- xx, and that of B=b+ay; 


but a= in general; wherefore the velocity of A 


after the ſtroke = — and that of B=3+ay, 


Multiply each body into its velocity after the impact; 
the ſum of the products will be Aa- Bay + Bb + Bay 
.=Aa+Bb the ſame as the ſum of the prodn&ts formed 
by multiplying each body into its velocity before the 
ſtroke, | 
Let the elaſtic force he equal to the force which cxu- 

ſes the change of figures; then »=1 and a: the ve- 
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locity of A after the ſiroke = 1 


or becauſe y= 


— — 
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TF bo fubſticning this value of y, the velocity of 


A after the impact will be = — on aid the 


velocity of B after the ſtroke = 3+ uy = — 5 = 


G 2 The 


e 


— 
— 


a. 
— — 


—— 
"nu x 
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The velccity gained by B is y= 


WOES a 


A * X 42-6. 
A+B 


= 


— 82 —U U — — — —p — 


7 
| 
” 
4 
F 
| 
4% 
n 
" 
' 


for fince m=1 the velocity gainedby B= A5 


which is reſolved into this analogy: as A+B : 2A: a—d$ 
to the velocity acquired by B, | 

Every thing remaining becauſe a= 2, the velocity of 
A after the ſtroke =a—2x, and that of B will be 
þ + :y; and the difference between the velocities of A and 
B=a—b=—2x— 25, or becauſe a—x=b+y or x+y 
=a—6 in general, by ſubſtitution, the difference of the 
velocities after the impact will be a- 2a+2b=b= a, 
the ſame as the difference of the velocities before the 
ſtroke or ly negative in reſpect of it, 

From this property, the propoſition ſo much inſiſted 
on by Bernouilli may be deduced :. this is, that in the 
collifion of perfectly elaſtic bodies, the ſum of the pro- 
duds formed by multiplying each body. into the ſquare 
of its velocity, is not alltered by the impact. | 

His demonſtration is this: the other notation ànd con- 
ditions remaining, let y be the velocity of A, and 9 that 
of B, after the flroke: then by a previous demonſtration - 
Aa+Pb=Ap+Bg (which has likewiſe been demon- 
rated an Art, LIII.) or Aa Apr Bi- B: It has 
been likewiſe ſhewn that a--6=g—p, or a ＋p = in 
the colliſion perfectly elaſtic bodies (ſupra): wherefore 
by multiplying As - Ap into a e, and E- BA into 
97 there will ariſe this eqnation: a 


A - Ap* =Bg* — BY* or 


Aa +B& = Ap* BZ which is the equa- 


lity that was affirmed, Vid, Bernouilli, Vol. IV. Diſ- 
cours ſur le Mouremeat, A geometrical demonſtration is 

alſo given by Maclaurin of the fame propoſition. 
If it is enquired what muſt be the force of elaſticity 
that the ſums of the products formed by multiplying 
cach 


1 


each body into any power of the velocity which is de. 
noted by the general index r may not be altered by the 
impact, the ſolution will be obtained from the general 
expreſſions for the velocities of A and B after the 
impact. p 362 

The former notation remaining, ſinee the velocity of A 


after the ſtroke is 2— 2 and that of B = 5 + , 
the conditions of the problem will give this equation; 


* 


e = 0436 6 ni . 


A Xa—b 
A+B 


when that which cauſes the change of figures in the cor- 
reſponding inſtant (whether unequal or equal -to the 
other) is . The ſolution of the equation, » being con- 
ſidered as the unknown quantity, will give the value of 
m=n—1., Thus if is aſſumed =2 which is the caſe 
in the demonſtration of Bernouilli jnſt referred to, by 
ſubſtituting 2 for r in the general equation, » will come 
out = 2, and conſequently zz = 1: that is, the force of 
elaſticity muſt be equal to the force which cauſed the 
change of figures, ſo that the ſums of the products for- 
med by multiplying each body into the ſquare of its ve- 
| locity before and after the ſtroke may be equal. In this 
caſe the bodies are ſaid to be perfectly elaſtic. If r be 
= 3, the value of will depend on thoſe of A and B 
and of @ and 5: let A=2, and Bt, and ſuppoſe ig; 
in which caſe, B is quieſcent before the ſtroke : then by 
ſubſtituting 3 for r, 2 for A, &c. in the general equa- 
tion, it will appear that »=1.854 and the elaſtic force 
required =.854. If therefore the elaſtic force be to that 
which cauſes the change of figure as . 854 to 1, the ſum 
of the products formed by multiplying each body into 
the cube of its velocity will be the ſame befare and 
after the impact. | 

LVII. 


n=m+r, and y= , m being the elaſtic force 


T4] 


LVII. 


Let the centres of any number of con- 
tiguous Ivory balls equal to each other be 
placed in a right line; and let the firſt 
impinge againſt ſecond in the direction 
of that right line: it is obſerved that 
the ball which is moſt remote from 
the ſtroke is impelled with a velocity 
nearly equal to the velocity of impact while 
the ſtriking ball with all the others inter- 
mediately between that and the remote ball 
remain almoſt quieſcent. 

If the balls were perfectly elaſtic, they would be per- 
ſectly quieſcent, and the velocity of the remote ball ex- 
actly equal to that of the ſtriking ball. 


The difference ariſing from the imperfect elaſticity is 
very. ſmall. 


LVII. 


If an elaſtic ball impinges directly againſt 
a quieſcent elaſtic ball of greater weight, 
the ſtriking ball will be reflected; if a heavi- 
er ball ſtrikes againſt a lighter one at reſt, 
both the balls after the impact will go on in 
the direction of the, ſtroke. 

In the notes concerning the colliſion of bodies, they 
have been ſuppoſed to move in the ſame direction, that 


repetition might be avoided, and that the reaſoning on 
the ſubject might be more obvious. The principles de- 


duced 


1 1 


duced are equally applicable to the caſe in which a body 
impinges againſt another moving in the contrary direction, 
only by changing the ſign of the quantity which is put to 
denote the velocity of the body ſtruck before the impact. 

In whatever degree the hardneſs of perfectly elaſtic 
bodies may differ, the effects of their impact will be 
the ſame, their weights and velocities before the ſtroke 
being given: for the figures of the two bodies mutt 
continually change, till they have acquired a common 
velocity, which depends only on the weights of the bo- 
dies and their velocities before the impact, and is de- 
termined by the rules for the colliſion of nonelaſtic 
bodies: moreover during the reſtoration of the changed 
figures, how ſmall or great-ſoever may have been that 
change, the elaſtic force will cauſe an additional velocity 
in the ball ſtruck, equal to that before generated during 
the change of the figures. 

It follows alſo from what has preceded, that the effects 
of the impact will be the ſame, whether both bodies be 
perfectly elaſtic, or one perfectly elaſtic, and the other 
perfectly hard, every thing elſe being the ſame: for, ſup- 
poſing one of them to be perfectly hard, the figure of 
the elaſtic body muſt change till both bodies move with 
a common velocity, which depends on the weights and 
velocities before the impact only, and will be the ſame 
as if the bodies were nonelaſtic : the reſtoration of the 
figure will, in this as in the former caſe, cauſe an increafe 
of the velocity in the body ſtruck, equal to that which 
was before communicated, 


ON 
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ON THE ROTATION OF BODIES ROUND. 
FIXED AXES, 
| LIX. 
The particles of matter which compoſe 
any body or ſyſtem of bodies revolving 
round a fix'd axis reſiſt by their inertia the 
communication of motion to any given 


point with forces which are as the parti- 
cles themſelves and the ſquares of their 


diſtances from the common axis jointly. 


Suppoſe a force p, to be applied at any point e ſituated 
at the diſtance d from the axis in order to communicate 
motion to a ſyſtem which conſiſts of the particles A, B, 
C revolving at the diſtances a, 5, e reſpectively from 
the common axis, 

Let z be a quantity of matter which if concentrated 
in e will have the ſame effe in reſiſting the communica- 
tion of motion to the point e by its inertia, when the 
particle A is removed, as the particle A revolving at 
the diſtance a :. then by the propoſition contained in the 

2 


article AX ENI or z — from whence 


it appears that the inertia of the particle A revolving at 
the diſtance a, when referred to a point at the diſtance 4 


is equivalent to the inertia of the maſs — concen- 


trated in a point revolving at the diſtance 4 from the axis. 
| for 


Es 
For the ſame reaſons the inertia of the point B revol- 


B x þ* 
a* 


at the diſtance 4: and the inertia of C revolving at the 


ving at the diſtance 3, is equal to that of — r. revolving 


, : | C xc f 
diſtance cis equal to that of 7 revolving at the 
diſtance 4. 4 
e A 


If a body revolves round a fix'd axis by 
the action of a force p applied at the diſ- 
tance d to turn the ſyſtem, the force which 
accelerates the point to which þ is applied, 
will be a fraction, the numerator of which 
is p, and the denominator the ſum of all 
the equivalent maſſes found according 'to" 
the * contained in the laſt article. 


The notation of the laſt article remaining, the moving. 
force will be p, and the maſs moved will be a Te 


BY Cœ 
7 + 7 conſequently the force which accelerates 


the point to which p is applied will be Nr 5 


In this value the inertia of p is aſſumed o. If 
poſſeſſes inertia, the quantity pd* muſt be added to the 
denominator. | 

The centre of gyration is a point in which if all the 
matter contained in a revolving ſyſtem were collected, 
any point to which a given force is applied to communi- 
cate motion, would be accelerated in the ſame manner 

H . 


1 


us When the parts of the ſyſtem revolve in their reſpedtive 
places: and conſequently the angular velocity generates 
in @ given time the ſame in both caſes. 


LXI. 


tf * Es ds products formed by 
multiplying each particle of a ſyſtem inns 
the ſquare of its diſtance from the axis of 
motion be divided by the weight of the 
whole, the ſquare root of the quotient will 
be the diftance of the centre of gyration 
from the axis of motion. 

Let A, B, C be the particles which compoſe the 
ſyſem ; and let the diſtances at which they 2 be &, 
J, e reſpedtively : if a force without inertia be applied 


at the diſtance 4 to turn the ſyſtem, the force which ac+ 
celerates the point to which þ is applied will be 


1 gow Jet A+B+C be collected into 


2 point at fome unknown diſtance * ſo that the force 
' which accelerates the point to which 9 is applied may be 


mei lin: ere 


= 4 e, 

2 2 88 * 
diſtance of the centre of gyration from the axis of mo- 
tion. . 


When the axis of motion paſſes through the centre 
of gravity, the centre above determined is . the 


principal centre of gyrarion, L 


— 


511 


LXI. 

In any ſyſtem which revolves round a 
fix d axis, having given the (diſtance of the 
centre of gyration from the axis S, the 
weight of the ſyſtem = p, the conſtaut 
moving force p, and the diſtance from the 
axis at which it is applied d, it is required 
to determine the angular velocity generated 
in a given time. 

Suppoſe the axis to paſs through the centre of gravity 
of the ſyſtem, and let the moving force be a weight þ 
applied to act on the ſyſtem by means of a line wound 
round a cylinder which has the ſame axis with that of 


the ſyſtem, the radius of the cylinder being 4: then 
the moving | force to impel p or the point to which it is 


* is * we inertia or maſs DRE bo LN to 


F is pþ+ = pA NE "i force which . 


the deſcent of 72 = : if /==16z feet, and c 


3.1416 the angulac velocity generated in : ſeconds = 


lid 
revolutions or * revolution in 2 
n 

ſecond. 

In bodies of ine denlity chat admit of - 
trical menſuration the centre of gyration may be aſcer- 
tained from theory: but in bodies, the denfities or di- 
menſions of which are irregular, ſome experimeat will 
be neceſſary for the determination of this point. 
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LXIII. 


The notation of the laſt article remaining g. 
-fip ſer unknown; and let the weight p 
de Cond freely from reſt: having — — 
deſeribed by it from reſt in dur 
time, the centre of mana enk * = 
mined, 41 J1 = 


* Buppoſe „ ae” aid deſcribed in 2 ſeconds 


e * 


becauſe | ke is the accelerating abt Ine 


 delrided by þ in e ſeconds vill be * which is 


. 


equal to unn the ſuppoſition: reſolving the equation 


v2 b + > ndfrtivg — 
e Fog row r will be found = =: 


XLIx 
— þ a . 7 7 3 
0 nl © 


4 * ang down an :nclingd ins 
without Aba, wil deſcribe a ſpace which 
is to the ſpace deſcribed by a ſphere that 
rolls down the ſame inclined plane during 
the ſame time, as ſeven to five, the deſcents 
being eſtimated from quieſcence. 


-- The abſolute force: which impels the ſphere” s centre 
of gravity is the weight of the ſphere to, multiplied into 
the height of the plane , and divided by the length 7: 

the maſs moved is that of the ſphere added to the ſame 


mat multiplied into the ſquare of the diſtance of the 
prin- 


[ 53 1 
principal centre of gyration from the ſphere's centre" 


and divided by the ſquare of the ſpheres radius A this 
gives the force which accelerates the deſcent of the ſphere 


the fame inclined plane, the accelerating force ,js © 


which is to the former force as : 5: and conſequently 
che ſpaces deſcribed in the ſame” time will be in the 
proportion of '7 to 5. 

The centre of oſcillation is a point in which if all the 
matter in a ſyſtem were collected, any force applied at 


this ceatre will generate the ſame angular velocity in a 


given time, as the ſame force when applied at the 
_ centre of gravity; the parts of the ſyſtem revolving is 
thei reſpective places, 


LXV. 


If the ſum of the products formed by 
ns each particle of a revolving 

2 into the ſquare of its diſtance frog 
the axis of motion be divided by the weight 


of the whole x into the diſtance of the cen- 


tre of gravity from the axis of motion, the 
quotient will be the diſtance of the centre 
of oſcillation from the ſame axis. » 


Let the diſtance of the centre of oſcillation from ge 
Axis be æ, that of the centre of gravity g: then if a force 5 


* at the diſtance g, the forts which 1 


= 
- — 


—— — — — a m = 
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force which accelerates the centre of ofcillation = 


collected into the centre of oſcillation, and let the force 5 
de applied thete; the force which accelerates that point 


will be = : but becauſe the angular ve. 


. Jocities are to be equal in both caſes, it follows that any 
given point, for example that to-which the force þ is 
nom applied, muſt be acted on by equal accelerating 


forces : wherefore it will follow that * 


Cc 
15 5 A C 
— — — — — 
SITbIC and x. = N the diſtance 


of the centre of oſcillation from the axis of motion. 

The diſtance of the centre of gyration from the. axis 
of motion is a mean proportional between the diſtances 
of the centres of oſcillation and gravity from the ſame 

. AXls., } x 
The centre of percuſſion is the ſame point with the 
centre of oſeillation. FS 
Any body or ſyſtem of bodies which is ſuſpended ſo 
as to vibrate freely on an axis of ſuſpenſien is called a 
When a pendulum is, accelerated in its vibratory me- 
tion, the motive forceis that of its-weight multiplied into 
the fine of the angular diſtance of the centre of gravity 
from the loweſt point and divided by radius; this force 
actu at the centre of gravity : if a point be imagined in 
which all the matter in the ſyſtem being concentrated the 
_ Game angular velocity will*be generated in a given time 
as when the parts of the ſyſtem revolve in their reſp=c- 
tive 


E 

tive s, this point will be the centre of oſcillation 
which has been deſcribed in the preceding article ; - and 
conſequently a pendulum will vibrate in the ſame time 
through a given are when the maſs is collected into the 
centre of oſcillation as when the parts vibrate at their 
reſpective places. | 

The length of a pendulum is equal to the diſtance be» 
tween the axis of ſuſpenſion and centre of oſcillation. 


LXVI. 
The time in which a pendulum performs 


one vibration in the leaſt arc of a circle is 
to the time of a body's deſcribing from 
reſt half the pendulum's length by falling 
freely, as the circumference of a curcle to its 


diameter, 


Let Iz 193 inches, L = 2 length of the pendulum 
in inches, T = the time of one vibration, c = 3.1416, 
exVL 
Y xt | 

If in any time T, the error of a pendulum clock is 
== T when the length of the pendulum is L, the due 


them T= ſeconds. 


correction of the leugth is = L X =; T being confi- 
dered as a fluxional quantity, or ſmall finite variation. 


LXVII. 


If a pendulum vibrates in very ſmall 
circular arcs, the times of vibration will be 
equal whatever be the proportion of the ares. 


* * 
* 
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The forces which accelerate the centre ef gravity or 


oſcillation being as the fines of the angular diſtances 


from the loweſt point, theſe forces will be as the arcs 
tHermielves when they are very ſmall : but whenever the 
forces are as the ſpaces to be deſcribed from reſt, the 
times of deſcription are equal, 


LY 
— 


LXVIII. 


Pendulums which are of the ſame length 
vibrate in the ſame time whatever be the 
proportion of their weights. 

This follows from the property of gravity, which is 
always proportional to the quantity of matter or to its 


inertia. 
Wen the vibrations of pendulums are compared, it is 


always underſtood that the pendulums deſcribe either 
ſimilar finite ares, or ares of evaneſcent magnitude, un- 


leſs the contrary is mentioned. 


« © 


LXIX. 


If an axis of motion be made to paſs 
through different points of a body or ſyſtem 


of bodies, perpendicular to any given plane 
paſſing through the body or ſyſtem, the 
different pendulums will be fo conſtituted 
that the diſtances between the centre of 
gravity and the axes of motion, will be in- 
verſely proportional to the diſtances between - 
the centres of gravity and ofcillation. 

The diſtance between the centre of gravity and prin- 
cipal centre of gyration is a mean proportional between 
the diſtance of the centre of gravity from the axis of 

| eh 
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motion, and the diſtance between the centres of oſeilla / 
tion and gravity; the diſtance of the principal centre ol 
gration from the centre of gravity is always the ſame 
in the vibrating ſyſtem deſcribed in the article. ' From 
whence the truth of the propoſition Ry 2 


LXX. | 
"The time in which a given body or GE 


tem of bodies vibrates as a pendulum round 
, different axes which are all per erpehdicular 
to the ſame plane drawn throngh the body 
will be the leaſt poſſible when the axis of 


motion paſſes through t the Principal centre 
of gyration. 


Let the diſtantes of the priticipat centre of g Aide 
the axis of ſuſpenſion, and centre of oſeillation from the 
7 of grayity reſpectively be r, æ, andy i then: i 
r 5 y; wherefore by the laſt MY: of the Vth Euclid 1 

45 is always greater Fehad ar, unleſs x=y =r ia which 

extreme caſe v being a given A kth x+y muſt be the 

leaſt poffible ; and #+y is the length of the pendulum 


by the ſuppoũ tion, which in this cafe will be Sr.. 


LNXXI. | 

The times in which different pendulums | 
vibrate i in ſimilar arcs of. circles, are in a 
ſubduplicate ratio of their lengths directly . 1 
aud a ſubduplicate ratio of the afolet; for- f 
ces of gravity inverſely. | 


Let the ſimilar ares be divided into an equal number 
of ſimilar evaneſcent ares :1 then the times of deſcribiag 
any two of theſe correſponding evaneſcent. arcs will he 
as _ arcs dire&ly and the velotities of the p=ndulums 


F I deſcribing 


{il 


_ 
deſcribing them inverſely; that is from ſimilitude of fl. 
gures, as the lengths of the pendulums directly and the 
velocities inverſely. But the velocities are in a ſub- 
duplicate ratio of the heights fallen from and the forces 
of gravity. jointly, or from the fimilitude of figures, in a 
ſubduplicate ratio of the lengths of the pendulums and 
the forces of gravity; wherefore the times of deſcribing 
theſe evaneſcent ares will be as the ſquare roots of 
the lengths ditectly, and the ſquite foots of the forces of 
gravity inverſely, And by the ſame reaſoning the times 
of deſcribing all the other fimilar correſponding evaneſ- 
cent arcs, and conſequently the times of deſcribing entire 
arcs, will be in the fame proportion, | 


At any part of the arc deſcribed by the 
centre of oſcillation, its veloemy is equal to 
that which a body would acquire by falling 
| freely from reft through a fpace equal to 

the perpendicular height which the centre 
of luton has deſeendedthrough, eſtima- 


ted from the higheſt point of the vibration · 


LXXIII. 

- When a pendulum is at reſt, if a body 
impinges in an horizontal direction on it, 
the ſame velocity will be communicated to 
the point of impact, as if the maſs of the 
pendulum were removed, and inſtead of it 
au equivalent maſs were concentrated in 
the point of impact, the quantity of the 
equivalent maſs being to that of the pendu- 

lum, 


[9] 
lum, in à duplicate ratio of the diſtances 
between the centre of gyration, and the 
point of impact from the axis of motion. 


Let the maſs of the pendulum be av, the diſtatice of 
impact from the axis = d, that of the centre of gyration 


n the equivalent maſs = g, the impinging body þ : 
the velocity of impact V ; the velocity communicated to 
the point of impact = =: then g =wX i and by 


the laws of colliſion, if the bodies are nonelaſtic, p + 


tui 01 where = pe, or V = 


2. - which is Mr. Robia's theorem for etima- 


ting the velocity of a bullet that has communicated a 


velocity v to that point of the pendulum on which is im- 


pinged the quantity v being determined from the are 
A“ which the pendulum has deſcribed by the force of 
the impact. If @ be put for the verſed fine of A“ to 
radius 4, and the diſtance of the centre of oſeillation 


* r 2 55 6M. 
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If a given body or ſyſtem of bodies vi- 
brates round different axes ſityated at the 
ſame diſtance from the centre of gravity, 
the times in whe pendulums vibrate 

2 Will 


* 


| 
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will be equi, provided all the axes are per- 


pendicular to . given plane drawn 
through the bod e Jog 


he diſtance between the centre of gravity and axis 
of! motion is the ſame in all the pendulums, and the 
diſtance of the principal entre of gyration from the cen- 
trèe of gravity is a given quantity? wherefore the third 
proportionals to the former two quantities, that is, the 
diſtances between the centre of gravity and centres of 
oſcillation, muſt be equal j in all the pendulums, which 


there fore will be all of inn Rilo Yo te! ods 


* 7 - 
— X # * — — . * * 
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A ane which vibrates in the arc of 
a cycloid deſcribes the ee and leaſt en- 
tire vibrations in the ame time. N 


"This x property i demopfirated only on a ſuppoſition 
that the whole m aſs of the pendulum, i is concentrated } in 
& point; but this cannot take N in any really Yibra- 
ting body: and when the pend lum is of finite magni- 
tude, there is no point given in poſition which determines 
the length of the pendulum; on the contrary the centre 
of oſeillation will not occupy the fame place in the given 
body when deſcribing different parts of the track it moves 
thropgh ; but will continually be moved in reſpect of the 
pendulum itſelf during its vibration. This circumſtance 
has prevented any general determination of the time of vi- 
bration in a cycloidal arc except in the Nathan caſe 
before referred to. 
There are many other obſtacles which coneur in ren- 
de ring the application of this curve to the vibration of 
pendulums deſigned for the meaſures of time, the ſour- 
ct: of errozs far greater than thoſe which by its peculiar 
property it is intendeꝗ to obviate, It is now ' wholly diſ- 


uied | in praet: ct. 
LXXVI. 


— 
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LXXVI. 


HBodles projected near the earth's ſurfate 
in any direction not perpendicular to the 
horizon, deſcribe a parabola; the air's re- 
ſiſtance not being conſidered. 


Very denſe bodies moving with ſmall velocities deſcribe 
the parabolic track ſo nearly, that any deviation from it 
is ſcarcely diſcoverahle ; but when yery rare bodies move 
with yelocities howeyer ſmall, or denſe bodies with very 
great velocities ſuch as thoſe which are communicated by 
gunpowder to cannon and other bullets, the reſiſtance of 
the air will cauſe the body projected to deſcribe a path al- 
together different from a parabola, This may be eafily 

imagined when it is found that the refiſtance of the air 
to a cannon ball of 24 pound weight, moving with its ini- 
tial velocity from a full charge of powder, is between 


500 and 600 pounds; which reſiſtance is above 20 timos 


the ball's weight, 


IXXVII. 


If the velocity of projection 1s given, the 
horizontal range is the greateſt when the 
angle of elevation is 45%. 


This is true only on a ſuppoſition that the air's reſiſ- 
tance is of no ſenfible eſſect: but military projectiles 
are ſo much influenced by the air's reſiſtance, that 
the greateſt horizontal range will not correſpond to 
an angle of elevation of 45*, but to an angle much leſs, 
depending on the initial velocity, denſity, and diameter of 
the ball, | 
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HYPROSTATICS, 


AnT1CLs I. 


Let any light veſſel filled with was 

ter be weighed in air: being afterwards 
weighed in water, it appears to loſe the 
greater part of its weight, 
In the early times of Philoſophy, this apparent loſs 
of weight was conſidered as real: and it was concluded 
generally, that any fluid being immerſed jn a fluid of 
the ſame kind was depriyed of its gravity or weight. 


II. 


Let a hollow ſphere be made heavy 
enough to ſink in water, and let it be 
weighed when immerſed: being filled with 
water and again weighed when immerſed, 
it is found to be heavier than before by 
the weight of the included water. 


This experiment is an evident proof that a fluid when 
immerſed in a fluid of the ſame kind, or, as it is term - 
ed, in its ownelement, loſes no part of its weight, What 
is the occaſion of this apparent loſs of weight will appear 
in the articles which follow, | | 

The fluids uſed in Hydroſtatical experiments are 
chiefly mercury, water, and air; theſe being the moſt 
tree from tenacity and coheſion of ſome oils alſo are 

ſufficiently 


Fd 


1 "= 
ſulſciently limpid for the purpoſe of making theſe expo 
riments on the principles of Hydroſtatics, _ 

The n are very frequently refer · 


ted to in Hydroſtatics, and are t re here inſerted al 
though they ate contained in Art. (XXIII.] of Mecha- 
ties. 


1 

1. The denſities or ſpecific. gravities of 
bodies are in the ſame proportion with 
their weights, when —＋ magnitudes of 
the bodies are equal. 

2. When the weights of bodies are 
equal, the ſpecific gravities are inverſely as 
their magnitudes. 

3- When the ſpecific gravities are equal, 
their weights are directly as their magni- 
tudes. 


| Theſe relations may be expreſſed chass let E repre- 
ſent the ratio of the weights of two ſubſtances, — the 


tatio of their magnitudes, and I that of their denſi- 
ties : the relation of theſe quantities will be eapreſſed by 


the following equation : = = — * = in general 2 


in eftimating the weights magnitudes aud ſpecific gra- 
vities of ſubſtances, ſome ſtandard quantities are always 


aſſumed to which other bodies are referred: wv, m, and 
are theſe ſtandards; and each of them might be aſſu- 


med 
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med t. But as the aſſumption would not correſpond. 
with the meaſures or weights now in uſe; it will be 
more eligible that M ſhould repreſent the magnitude. of 
ſome known meaſure i in common uſe , ſuch as a cubic 


inch, a cubic foot, &c. » may be conveniently aſſumed 


= 1, 10, 100 &c, or any number in that progreſſion: 


rain water is generally uſed as a ſtandard ſubſtance to 
which the ſpecific gravities of all other bodies are referred 
The denſity of rain water being found more uniformly 
the ſame than that of any otber ſubſtance either ſolid or 
fluid, ev therefore will be the weight of a cubic inch or 


cubic foot of rain water, It is remarkable that a cubic, 


foot of rain water ſhould weigh exactly 1000 ounces aver- 


dupoiſe. If then we make w = 1000, m =.1, and 


= 1000, we ſhall obtain W = M x N, that is, the- 


weight of any body in averdupoiſe ounces will be equal 
to the magnitude expreſſed in cubic feet multiplied into 
the ſpecific gravity taken from that ſcale in which the 


of. 3 cubic inches or x4,x parts of a cubic foot of mer- 
7 will be = ry X 1 3600 = 23.61 averdupoiſe oz, , 
It will be often convenient to expreſs, the mag- 


nitudes in other dimenſions; being always aſſumed = 


1: let the weight of be expreſſed in general by c w hich 
will gire We x MN N; = being = 1. 

In philoſophical ſubjects the weights of bodies are molt 
frequently expreſſed either in grains, or troy ounces, the 


magnitudes being referred to that of a cubic inch, as a 


ſtandard, 
If c be put to denote the weight of a cubic inch of 


rain water = 253-18 grains, or .52746 parts of a troy 


- ſpecific gravity of rain water is 1000. Thus the weight 


ounce, then W = 253.18 X MN grains or ee 


X MN wer ounces. 


IV. 


To determine the magnitude of an irre- 


lar ſolid. 
12 This 


„A. 
This article le intended only to exempfify the applica- 
tion of the rule contained in the preceding note. If the 
ſpecific gravity of the irregular ſolid is 3, then 5X 253.18 
will be the weight of a cubic inch conſiſting of the ſame- - 
ſubſtance ; let w he the weight of the ſolid expreſſed in 
grains : the following proportion will determine its mag- 
nitude. * * : 
Ass X 253.18: 0 2:22 


"I 


wherefore x = _— being the magnitude. of the 


ſolid eſtimated in cubic Abbe ; 


V. | 
To determine the me of an regula 
veſſel. 


Let the veſſel be filled with water: and let the gd 
of the water be A ounces: then make the following pro- 
portion: as .52746 is to A, ſo is,1 to the capacity of the 
veſſel expreſſed in cubic inches. The following table 


will facilitate the eſtimation of capacities. 
: $4) ... ur: cubic inches. 1 
I — 1.8989 134 1 
2 = 3.7918 
3 2 7. 
es, = =. 7-5835 
* , = 9-4794 x 
mn eee. 11.3753 
7 = 13.2712 J 
ee 
F. i =* 17.0630 | 


4 *# 


10 epi the uſe of this table, "EO the 22 


contained in a receiyer of an Mi r or other arr 
ihe. 235.18 02, | 


. « ha 
” " . 1 * - ”— 4 * * * 
4 i 16 . L# © 4 4 » 44434 # : — ot 


, 
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Then referring to the table. 


— — 1 
n 
2 
— > — 
< 


—_— 


If averdupoiſe ounces are uſed in a. weighing the water, 
the numbers may be taken from the above table, but the 
reſulting number muſt be multiplied into (.91 145) to 

| give the true number of cubic inches contained in the 
veſſel, | 


8 or. cubic inches. 3 
| „ 379.18. 2 
71 N | 
| a 39... 56.88 mw 
we” * 5. 33 $44 i” 1 IS. af NE * : | Te 
.08 = 13 n 9 
The number of eu- | 
| bic inches contain- > — 448 55 
ed in the veſſel, . 
j 
| 
[ 
| 


| abet 15 N K cl 4411101 f) L. 

f VI. 450 
; | Let mercury be poured into tubes open 
kg at both ends; 2 — of the tubes being ſtrait 


and others * 5 at various angles: : on im- 
merſing the lower extremities of the tubes 
in water, the mercury will aſcend toward 
the upper ends of the tubes. 


The diameters of the ſtrait tubes muſt be ſmall; ; and one 

of theextremities ſhould be cloſed till after the immerſion, 

to prevent the mercury from falling out, This is an eaſy 

ö end obvious method of proving that fluids * in all 
1 directions. 

. | It is be remarked. concerning this expegiment, that 

| whatever be the angles. at which tubes are bent, and 

however they arg inelined to the horizon, if the mer- 

cury iu all the tubes before immerſion is on a level, it 

will-continne fo afteriimmerſion provided the tubes. are 


1 all immerſed to the ſame depth; when therefore it 
1 | has been proved, that the preſſures of a fluid are as 
o | the 


—_— 2 nR_. 


the ſurfaces preſſed, and their depths from the ſur- 
face of the incumbent fluid, it will follow that. the 
preſſure of a fluid is not only propagated in all directions, 


but that the quantities of the preſſure at the ſame depths 
and on a given ſurface are . y in all ne. 


. .. 565 
Let mercury be included in a tube 
at both ends and let the tube be im- 


merſed perpendicularly in water, to a 


ſufficient depth: the mercury will ' riſe 
in the tube; and the diſtance between the 
ſurface of the water in the tube, where 
it is contiguous to the mercury, and. the 
ſurface of the- external water, will be a- 
bout 13.6 times greater than the altitude 
of the column of mercury in the tube. 


The diameter of the tube muſt be ſwall, and the 
extremity ſhould be cloſed, till after the immerfion, 
to prevent the mercury from falling out. 

This is an eaſy and obvious method of proving that 
Muids preſs on a given baſe with forces which are as their 
altitudes and ſpecific gravities jointly. 

On a curſory view, it may ſeem a mechanical parodox 


that the preſſure of a fluid upward or in a direction 


contrary to that of gravity, ſhould be nothing more 
than a conſequeuce of gravity itſelf : but it is very eaſy 
to ſhew from Mechanical principles that a force aQting 


in a given direction may communicate preſſure through 


a number of intermediate bodies, fo that the laſt body 
ſhall be impelled in any direction whatever, even in 
that which is directly contrary to the original impulle : 

and this is the caſe in reſpect of the particles warn 


compoſe fluids. 


— k 2 ; VII. 
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VII. 


Let a piece of cork be fitted to the bot- 
tom of a veſſel ſo that the ſurfaces may be 
every where in contact. If mercury is 


poured into the veſſel, the cork will not aſ- 


cend till it is ſeparated from the bottom of 
the veſſel. 


” "The effects of a fluid's preſſure in à direction contrary 
to that in which gravity acts are here evinced by a ve- 
ry decifive experiment; as long as the fluid is prevented 
from communicating with the under ſurface, the cork 
continues attached to the bottom of the veſſel partly by 
its own weight and partly by the „ of the mercu- 


ry on its * ſurface, 


IX. 
The quantity of preſſure ſuſtained by 


any ſurface immerſed in a fluid, is equal to 


the weight of a column of a fluid the baſe 
of which 1s the ſurface preſſed, and the al- 
titude , equal to the diſtance between the 


ſurface of the fluid and the centre of gravi- 
ty of the ſurface preſſed. 


4 


In this propoſition the preſſure on each point of the 


ſurface is eſtimated in a direction perpendicular to it, 
But it is often required to find the preſſure in a verti- 


cal direction: if the ſurface is a concave veſſel containing 
a fluid, the vertical preſſure will be equal to the weight of 
the fluid. When a ſolid is immerſed in a fluid, ſuppoſe that 
any horizontal ſection divides the ſolid into two . 
ion 


* 


[6] | 
ſection will be preſſed by the fluid downward with a force 
equal to the weight of a column of the fluid, of which the 
baſe is the ſection itſelf, and the altitude its diſtance from 
the ſurface of the fluid, this weight being diminiſhed by the 
weight of a quantity of the fluid, equal in bulk to the ſolid 
above the ſection: the preffure upward againſt the ſame 
ſection, will be equal to the weight of the column before 
-deſcribed, added to the weight of a quantity of the fluid 
equal in bulk to the ſolid below the ſection. 

Particular caſes of this nes admit of RON 
illuſtration from experiment. 


. 


b 


| If a hollow cube is filled with any fluid, 
the preſſure ſuſtained by each ſide is equal 
to half the weight of the fluid. 


There is a particular point in which the whole pref- 
Cure againſt the fide acts: it is called the centre of pre(- 
ſure, and is the ſame with the centre af oſcillation of 
the fide vibrating on the upper line of it as an axis, 
The diſtance of this point from the top is two thirds' of 
the cubes height. 


XI. 


If any number of tubes or other cavt 
ties however differing in dimenſion and fi- 

ure communicate with each other, ſo that 
a fluid being poured into one of them may 
flow into the 'others, the ſurfaces of the 
fluid in them all are on a level. 


XII. 


rr. 


ll KO 


— 


„ 


| XII. 

If two immiſceable fluids are included 
in a bent tube of ſuch dimenſions that 
the fluids may remain in ſeparate co- 
lumns, their perpendicular altitudes eſtima- 
ted from an horizontal plane drawn through 
their common ſurface where they are in 
contact, will be inverſely as their ſpecific 
gravities. 7 


XIII. 


Let a cireular plate of braſs be exactly 
fitted ſo as to cover the lower aperture of a 


eylindrical tnbe immerſed perpendicularly in 


water. If the plate be immerſed to a depth 
of eight times its own thickneſs, it will be 
Juſt ſupported by the preſſure of the water. 


The braſs endeavours to deſcend by its own weight. It 
is prefſed upward by a weight equal to that of a cylindri- 
cal column of water having the ſame baſe with the braſs 
plate, and being eight times thicker: and becaufe braſs is 
eight times ſpecificially heavier than water, the weight of 
the cylindrical column of water which preſſes upward and 
the weight of the hraſs by which it endeavours to deſcend 


will be equal; and conſequent lythe braſs will be juſt ſup- 
Ported in equilibrio j\© © '© . - | 


XIV. 


I 


po wha n 
Let a tube open at both ends be inſerted 
in a cloſed cylindrical veſſel: if water 1s 

ured in ſo as to riſe in the tube to any 
altitude, the preflure which the baſe of the 
veſſel ſuſtains 1s equal to the weight of a 
cylindrical column of water, the baſe. of 
which is the ſurface preſſed upon, and the 
altitude equal to that of the water in las 


tube, 


It appears that the r on the baſe may Os err 
than t e weight of water which cauſes the preſſure in 
any proportion; this confirms the general propoſition 
that the prefſure from a fluid depends on the ſurface 
preſſed and the altitude of the fluid above its centre 
of gravity only; not being at all altered by the figure or 
dimenſions of the veſſel, nor by the quantity of the 
fluid contained in it, provided the baſe which is preſ- 
ſed, and the diſtance of its centre of gravity from * 
— of the fluid remain the tame. | | 


T lad XV. 

If a ſolid floats on the ſurface of a flu- 
id, the weight of the fluid diſplaced is equal 
to that of the ſolid. 


It is here ſuppoſed that the air is removed from the 
ſurface of the fluid, 

I The following concluſions are derived from this prin= 

ciple. Becauſe the weights of two bodies being equal, 

their ſpecific gravities ace inverſely as their magnitudes, ' 

it will follow in reſpect of the floating ſolid, that as 
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l 
the part immerſed is to the whole, fo is the ſpecifie 
gravity of the ſolid to that of the fluid. 
A fhip diſplaces a quantity of water equal in 
weight to the ſhip and its loading : if therefore the 
quantity of water diſplaced can be any how aſcertain- 
ed, .the weight of the ſhips and its contents will be 


known, 3 
1 31 134 $ I * 4 
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Leet a cylinder of elm (or other ſubſtance 
of the ſame ſpecific gravity), ten inches in 
length, be immerſed perpendicularly in wa- 
ter: four inches of the cylinder will re- 
main above the ſurface. If the fame cy- 
linder is immerſed in ſpirits of wine, only 
three inches will remain above the ſurface. 


The hydrometer is conſtructed on this principle, 
It is an inſtrument uſed to aſcertain the ſpecific gravities 
of finids. The weight of the hydrometer continuing the 
fame, and equal to the weights of the fluids diſplaced 
by it, the ſpecific gravities of thoſe fluids will be inverſe- 
ly as the parts of the hydrometer which are immerſed 
in them: thus the depth to which it ſinks in water was 
obſerved to be 6 inches, in ſpirits of wine ſeven inches; 
wherefore the ſpecific gravity of water is to that of ſpi- 
rits of wine as 7 to 6 or as 1 to . 85). 


* 
0 


- . G 

If a veſſel contains two immiſceable 
fluids (ſuch as water and mercury) and a 
ſolid of ſome intermediate ſpecific gravity 
is immerſed under the ſurface of the lighter 


{ 73 ] | 
fluid and floats on the heavier ; the part of 
the ſolid immerſed in the heavier fluid, is to 
the whole ſolid as the difference between 
the ſpecific gravities of the ſolid and lighter 
fluids to the difference between the ſpe / 
cific gravities of the two fluids, 

Let the ſpecific gravity of the heavier fluid he a, the 
part of the ſolid immerſedinit = A: let the ſpecific 
gravity of the lighter fluid be =5, the part of the ſolid im- 
merſed init =B, and let the ſpecific gravity of the ſolid be 
c: alfo let the area of the horizontal ſection of the ſolid 
where the two fluids are contiguous be 8, and the perpendi- 


cular diſtance of it from the ſutface of the lighter fluid be 
=. Then the prefſure againſt the ſection from the 


lighter fluid will be $9 — B4 which added to the weight 


of the fold A+: xc, will give the whole force by 
which this ſection of the ſolid endeavours to deſcend = 


2 — Bb + A +B Xc: the preſſure upward againſt the ſame 
ſection is S A: but as the ſolid is ſuſtained in equi - 
librio, theſe two contrary forces muſt be equal: wheres: 


fore 89 — BÞ+ A+B x c=Sp+ Aa; and Ac Be = AAA. 
BS or Aa— Ac=Bc— B3 and conſequently A: B: 20 — 
4; or A: AB: c- 4: : 2 5. 


XVIII. 

Let a cylinder ſeven inches in length, 
the ſpecific gravity of which is to that of 
mercury as 9 to 14, be immerſed in mer- 
cury: 2.5 inches of it will remain above 
the ſurface, If water 1s poured on the 
mercury, till it covers the cylinder, '2.7 


inches will remain above the ſurface. 
L * In 


. 

In the firſt part of this experiment, what part of 
the cylinder is immerſed, appears from the propor- 
tion in Art. XVI. as the part immerſed, is to 7 
ſo is 9: 14, wherefore the part immerſed = 4.8 
inches, and conſequently that which remains above 
the ſurface = 2.5 inches. The effect of the water in 
elevating the cylinder, is deduced from the laſt article, 
which being applied to this experiment, will give A+B 
=7 (the parts of the cylinder being as their lengths), 
c=, 2 14, i, and A: A+Bfz) ::c—3(8): a—b 


=13; wherefore A = = = 4-3, and conſequently B 
22.7. 

The ſpecific gravity of mercury is here aſſumed 14 
inſtead of 13. 8. that the example might be more obvious: 
the difference will not be of any ſenſible effect, | 

From what has preceded it is evident that if any ſub - 
ſtance floats on the furface of a fluid in vacuo, on admit- 
ting the air, the ſubſtance will riſe higber above the ſur» 
face, and conſequently the proportion of the part im- 
merſed to the whole will be ſomething leſs than before: 
but the difference is very inconſiderable, being only that 
part of the ſolid which is expreſſed by the fraction 


— where 5 is the air's ſpecific gravity, a tie foes 


cific gravity of the fluid, and c that of the ſolid which 
floats on it. For which reaſon, as far as regards the 
proportion of the part of any ſolid immerſed in a fluid 
on which it floats to the whole, the air's preſſure need 
Not be taken into account, | 


XIX. 


A ſolid weighs leſs when immerſed in 
® fluid than when it is weighed in open 
1 Es air, 


E 8 
air, the bag #7 loſt being that of a quan- 
lid. | 
In ſtrictneſs the ſolid ſhould be weighed in vacuo, to 


obtain its true weight ; the fluid in which it is afterwards 
immerſed and weighed ſhould alſo be in vacuo. The 


error cauſed by the air's preſſure in eſtimating ſpeciſic 


gravities is very ſmall, and need not be allowed for, ex- 
cept in particular caſes when great precifion is required. 

From the principle expreſſed in the article, the ſpe- 
cific gravities of ſolids in reſpect of a given lighter fluid 
are immediately determined : For, having the loſs of 
weight by immerſion in the fluid, the weight of an 
equal bulk of the fluid is known ; and when the mag- 


nitudes of two bodies are equal, their ſpecific gravities 


are as their weights, (Art. III.) which may be ex- 
preſſed by this analogy; as the ſolid's weight in air 
is to the difference of the weights in air and in the 
fluid, ſo is the ſpecific gravity of the, ſolid to that of 
the fluid. Thus ſuppoſe a piece of braſs weighed in 
air 88 grains, in water only 77 grains; then the differ- 
ence of the weights in air and water would be 11 
grains, and the proportion would be; as 88: 11 ſo is 
the ſpecific gravity of braſs to that of water, or as 
$8: 1, 

If the ſubſtance of which the ſpecific gravity is requi- 
red conſiſts of ſmall fragments or of minute particles, it 
muſt be placed in a veſſel and then weighed in a pro- 
per fluid, allowance being made for the weight loſt by 
the veſſel ; the weight loſt by the ſubſtance itſelf will be 
known, and conſequently its ſpecific gravity determined. 


If powder conſiſts of round and equal particles, tho 
ſpecific gravity of the ſolid particles might be hace + 


from weighing a given quantity of it, for inſtance a 
cubic inch: it is a property of very minute ſpherical 


bodies when they are placed the cloſeſt poffible in ' 
ſolid ſpace, that the interſtices, or empty ſpace, ſhall - 


L 2 be 


tity of the fluid equal in bulk to the ſo- 
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. hs bulk as '4/ 18—pto „7, þ being = 
3-141 f. Conſequently if the weight of a cubic inch of 
tholeſpheres =a,the weight of theſame magnitudewithout 


- e pace would be w e- Gel gra 


vity of the ſolid ſpherical particles would be thereby 
determined. | 
- The {pecific gravities of fluids are uſually conſidered 
without any regard to the empty ſpaces between the par- 
ticles, though, however minute they may be; it is pro» 
| bable that the empty ſpace is more than part of the 
whole bulk. But it is ſuſſicient that we know preciſely 
in what ſetiſe the ſpecific gravity of fluids is underſtood. 
The ſpecific gravity of fluids is determined by the by- 


„ er te x99t;, a1 ani $i 


; drometer, or more accurately in many caſes by the me- 
5 thod contained in the next article. 

| * . XX. 

; A cubic inch of any ſubſtance being im 

ji merſed in water weighs leſs by 253. 18 
| grains, than when it 1s weighed in air. 
f If the cubic inch is immerſed in ſpirits of 
; wine, it weighs leſs by 217 grains than 
: when it is weighed in air. - 


Ii appears that the weight of a cubic inch of water is 
- 253.18 grains, and that a cubic inch of ſpirits of wine 
weighs 217 grains; wherefore the ſpecific gravities of 
water and ſpirits of wine are as 253.18 : 217 or as 1 to 

$57; as was before found. (Art. XVI.) 

There is another methods by which the ſpecific gra- 
vities of fluids are determined: which is, by filling a 
veſlel with the two fluids tuccethvely, and finding the 
weights of the contents: the ratio of the weights will be 
f 0 that of che ſpeciſic 2 wa | | 
7E XXI. | 
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XX. 


The ſpecific gravity of a body which will 
not ſink in water or other given fluid, may 
be determined by uniting it to a ſolid ſo 
that the compound may ſink in the fluid. 


The weight loſt by immerſing the heavier ſolidin water 
may be found by weighing it ſeparately in air and water : 
let this weight loſt A; the weight loſt by the compound 
may be found by weighing it in air and water, let this 
=B: then B- A will be the weight of a quantity of wa- 
ter equal in hulk to the lighter folid, of which the ſpe- 
cific gravity is required, which will be to that of water 
as the weight of the ſolid is to the difference of the weights 
B-A, 

Or the ſpecific gravity of the ſolid may be determi» 
ned thus: 

Let A be the weight of the heavier ſolid. 

a its ſpecific gravity. 
B the weight of the lighter ſolid. 
x its ſpecific gravity ſought. 
C the weight of the compound, 
c its ſpecific gravity. 
From the principles of ſpecific gravities it is known 
"SR, a,” 3 Bac 
that * 7 -an by reducing this, x = rr 


XXII. 


When any ſolid is immerſed in a fluid. 
the ſame weight which loſt by the ſolid, 
is added to the fluid in which it is immer- 


This 
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Tris follows from the Statical axiom, that action and 
reaction are equal and in contrary directions. 

If a veſſel containing water is counterpoiſed in a ba- 
3 and a cubic inch of any ſubſtancc is immerſed in 
it, the cube will loſe the weight of a cubic inch of water, 
which has appeared to be 253.18 grains; and the veſſel of 
water will gain juſt 253.18 grains, the veſſel which contains 
the water preponderating ; the equilibrium is re- 
fored by adding 253-18 * to the oppolite arm of 
the balance. 


XXII. 


If a piece of copper is exactly counter- 
poiſed in air by a braſs weight, and both 
the copper and braſs are immerſed in wa- 
ter; the copper will preponderate. 

Let av be the weight of either ſolid, c the ſpecific 


gravity of the copper, & that of the braſs, @ that of 
the fluid in which they are immerſed, then the braſs 


will loſe by immerſion a weight = — and the cop- 


per willl Ilofe —, and the difference of theſe will be a 


weight y by which the equilibrium is deſtroyed ; where- 


fore p : = 5 — wa * reducing this to 


21 analogy, it will be, as the produ of the ſpecific gra- 


vities, is to their difference multiplied into. the ſpecific 
gravity of the fluid in which they are immerſed, ſo is the 
weight of either ſolid, to the weight which muſt be added 
(not immerſed) to reſtore the equilibrium. Thus if 120 
grains of braſs are counterpoiſed in air by a piece of cop- 


per, and both are immerſed in water, by referring to the 
| rule 


R 
rule it will de known what weight muſt be applied to 
the aſcending arm of the balance to reſtore the equili- 


brium. 


IT 120 
Az9x8:9—8:: 2 = 1 gtain aud 3. 
If a guinea weighing 129 grains be counterpoiſed by a 
piece of braſs, and both the gold and braſs are immer- 


129 X 17,2 —8 
8 x 17.2 


$4 grains muſt be added to the arm of the ibs 
from which the braſs is ſuſpended to reſtore the equili- 
brium. Here the ſpecific gravity of ſtandatd gold is a- 
ſumed at 17.2 when that of water is 1, 


ſed in water, or ſomething more than 


ON THE WEIGHT AND ELASTICITY or 
THE AIR. 


XXIV. 


If a veſſel be weighed when full of air 
and when exhauſted, the difference of the 
weights will be about 324 grains for 2 
thouſand cubic inches. | 


Conſequently 1728 cubic inches or a cubic foot of air 
will weigh 559.87 grains, or 1.166 oz. troy, Becauſe a cu- 
bie inch of water weighs 253.18 grains and a cubic inch of 
air weighs .324 parts of a grain, the ſpecific gravity of 
water will be to that of air as 781.4to 1, and the ſpecific 
gravity of mercury to that of air as 751. I HR 2g 


40 I, 
This 


{ 0 3 
This is the air's denſity correſponding to the tempe - 
rature of the freezing point, when the barometer is at 
30 inches. * 

As the air poſſeſſes weight in common with all other 
fluids, it muſt preſs on the ſurfaces. of bodies immerſed 
in it the quantity of this preſſure is next to be canſi- 
dered. | ; 


XXV. 6 
Leet a glaſs tube or veſſel of any ſhape 
thirty ſix inches in length, one extremity 
of which 1s cloſed, be filled with mercury: 
j let the other extremity be immerſed in a 
[ | veſſel of mercury ; the mercury in the tube 
=o or veſſel will deſcend from the upper extre- 
mity, and will remain ſuſpended at ſome al- 
| titude, between 28 and 31 inches from the 
| © ſurface of the external mercury. 


5 This experiment is uſually made wiriun tube of a cy- 
| | lindrical ſhape, which, being filled and immerſed in the 
i mmanner deſcribed in the article, is called a barometer, 
[| | The principle on which the ſuſpenſion of the mercury 
| depends, is extended to veſſels or tubes of every ſhape 
ol | and dimenſion, and inclined at any angle to the horizon, 
1 To deſeribe this principle fully, partieular attention 
4 3 ſhould be paid to the horizontal ſection of the tube which 
| | is on a level with the ſurface of the external mercury. 
All the mercury beneath this ſection both within and 
7 Vuithout the tube is counterpoiſed, and can therefore con- 
1 tribute nothing to ſupport the mercury above it, nor 
+ : can at all add to its weight. The preſſure on this 
| ſection from the mercury ſuſtained, will be equal to the 
} | weight of a column of mercury, the baſe of which is the 
| | ſection, and altitude equal to that of the mercury above 
; the ſection: this will be true whatever be the ſhape 
ns: | and 


t 8: ] 
and dimenſions of the ſection and of the veſſel or tube 
containing the mercury. | 
From the ſame principle, the ſection before referred 
| fo, will be prefſed upward by the weight of a column 
of air, the baſe of which is the ſection, and altitude that 
of the air, ſuppoſing the whole atmoſphere: were of 
the ſame uniform denſity ; and becaufe the mercury is 
ſuſtained in equilibrio, the prefſures or weights of the 
two columns are equal, and-gonfequently their altitudes 
| inverſely proportional to their ſpecific gravities. 

From this determination the height öf an tombge- 
neal atmoſphere is inferred, the ſpecific gravitjes of air 
and mercury being given; and the altitude of the mercu- 
ry in the barometer correſponding; the proportion will 
be this: as the ſpecihe gravity of air (1 is: to the ſpe- 
cific gravity of mercury 10627, Art. XXIV. ſo is the alti- 
tude of the mercury in the barometer, zo inches or 2} 
feet, to the height of an homogeneal atmoſphere, Wen 
will be found = 26567 feet. 

The altitude of the mercury is a very accurate mea- 
ſure of the air's weight or preſſure, which, as is well 
known, varies conſiderably ; ; the greateſt difference being 
near one part in ten of the whole, "The air's preſſure 
on any given ſurface when the altitude of the barometer 
is 30 inches, will be at the rate of 30.cubie inches of 
mercury or about 15- pounds averdupoiſe, for every 
{quare inch of ſurface preſſed. 

It muſt be remarked, that the height of an homoge- 
neal atmoſphere is not at all altered by any difference 
in the air's weight: let & bz the height of an homogeneal 
atmoſphere; @ the altitude of the mercury in the baro- 
meter; the ſpecific gravities of mercury and air; 2 : 1 
then by what has preceded, as : :: h: 4, and db = 

| } 
2 ; but when the ſpecific gravity of the air alters, 


that of mercury — continuing the fame, m is always 
proportional to a, that is the air's preſfure is always 
„ to the height of the 1 in the baro- 


M | metern; 


| 
| 
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meter ; Wherefore == or þ mult be always . 


ven quantity; the eſſects of heat and cold not being 


here conſidered. 
The altitude, at which the mercury is ſuſtained in the 


barometer above the ſurface of the external mercury, 


is called the ſtandard altitude, 


XXVI. 


Let a tube or veſſel of any ſhape or di- 
menſion be filled with mercury and im- 
merſed when inverted in a veſſe i of mercu- 
ry: if the altitude of the extremity of the 
tube or veſſel be leſs than the ſtandard alti- 
tude, the mercury will remain contiguous 
to the extremity. 


In this caſe the air's preſſure is greater than the weight 
of the column of mercury ſuſtained by it, 


XXVII. 


If tubes of various dimenſions and figures 
be filled with mercury and immerſed when 


inverted in the ſame veſſel of mercury at 


wy different inclinations and poſitions in 
pect of the horizon, the upper ſurfaces 
of * mercury ſuſtained 1 in them all will be 


on a level. 


The diſtance 3 the horizontal planes which co - 
incide with the upper and lower ſurfaces of the mercury 
reſpectively will be equal to the ſtandard altitude. 

The increaſe of ſcale gained in the diagonal barome- 
ter ſeemed to make that coaſtruction preterable to the 

vertical 
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vertieal or common barometer ; but the want of exa&- 
neſs in the termination of the - mereury's ſurface, by 
which its height is denoted, has been found more than 
fufficient to countetbalance the adyantage of an enlarged 
ſcale. The diagonal batometer is now almoſt wholly 
diſuſed, According to the modern method of conſtruc- 
ting barometers, the 9 of the mercury can be 
aſcertained true to x45 of an inch, or about the x35op 
part of the whole when the barometer is at 30 inches. 


XXVII. 


Let a barometer be placed under the re- 
ceiver of an air · pump: as the air is exhauſ- 
ting, the mercury continually deſcends till 
it is nearly on a level with the mercury 
in the vefſel. Upon admitting the air, the 
mereury riſes to its former altitude. 


The ait's preſſure being the power by which the mer - 
cury is ſuſtained by the barometer, it is a conſequence 
that on the removal of the air from the mercury's ſur. 
face, the mercury in the tube muſt deſcend. So far this 
t confirms what has been advanced concerning 
the effects of the airs preſſure. 

A barometer included in the receivet of an air · pump 

is of great uſe in aſcertaining the preſſure of the air re- 
maining in it after having been partly exhauſted. For 

this preſſure will always be to the preſſure of the at · 

moſphere on a given ſurface, as the height of the mer - 

cury in the tube is to the ſtandard altitude. The baro- 

meter applictl to this uſe is ſometimes called a gage. 


If a barometer, the tube being a veſſel 


of any ſhape, be immerſed it a * veſſel 
| M 2 of 
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of mercury. and ſuſpended from the beam 


of a balance, the weight neceſſary to coun- 
terpoiſe it, excluſive of the tube, is equal 


to the weight of the mercury contained in 


the barometer. 
To explain this, ſuppoſe the tube to be a cylinder or 


Priſm, It may ſeem that the arm, of the balance ought 


to ſuſtain nd more weight than that of the tube, ſince 
the mercury is ſuſtained by the preſſure of the atmoſ- 
phere ; but it is to be conſidered that, when the tube is 
empty, the air preſſes equally on every part of its ſurface 
both the inſide and outlide of it : but when it is filled 
with mercuty and ſuſpended in the manner deſcribed in 
the article, the air ſtill preſſes on the outſide; and it preſ- 
ſes directly upward againſt the lower edge of the tube, 
this preſſure being communicated through the mercury: 
but the preſſure againſt the horizontal ſection in the 
tube deſcribed in the note to Art, XXV. is, totally 
counteracted by the weight of the mercury ſuſtained by 
it: and it follows, that the air does not preſs at all up- 
ward on a ſpace at the top of the tube eſtimated hori- 
zontally equal to the horizontal ſection underneath, con- 
ſequently the atmoſpheres preſſure ' on the outſide of 
the tube will act on it. with the ſame force, as on the 


- horizontal ſection below, that is with a force equal ts 


the weight of the mercury ſuſtained in the tube. 


Let a tube thirty ſix inches in length, o- 
pen at both ends, be immerſed in mer- 
cury, contained in a veſſel, from the in- 


ſide of which, the external air is excluded: 
| * 


* | FR ' 
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if the tube and veſſel be placed under a 
receiver, on exhauſting the air, the mercury 
is raiſed in the tube W to the ſtandard 
altitude. 


The'air, befides the gravity or weight which it poſſelles 
in common with all fluids, is endowed with a remarkable 
property by which a given quantity of it may be com- 
preſſed into ſmaller dimenſions, or may occupy a larger 
ipace than that which it poſſeſſes in the atmoſphere ; 
obſerving very exact laws during its compreflion or ex- 
panſion which will appear in the ſubſequent articles. 

The experiment juſt deſcribed is intended to ſhew 

that the air in its natural ſtate in the atmoſphere 
exerts a force of elaſticity equal to the force which 
compreſſes it; this indeed appears evident from the 
ficſt principle of Statics, that action and reaction are 
equal; for admitting the air to be in a ſtate of equili- 
brium with itſelf, there muſt neceſſarily exiſt a force in 
any given quantity of air, which reſiſts and exactly coun- 
terpoiſes the external preſſure. 
It is from this principle that in any cloſed unexhauſ- 
ted veſſel or receiver which removes the incumbent preſ- 
ſure of the external air from ſubſtances placed within 
it, the ſubſtances ſo placed ſuſtain a preſſure from the 
air's elaſtic force, equal to the weight of the atmoſphere 
prefling againſt the ſame ſurface, 


xxXI 
The ſpaces into which a — quantity 
of air is compreſs'd, are leſs in the fame 
proportion as the forces of com preſſion are 
greater. 
That experiments on the air's elaſtic force in reſpect 


of its ondenſation may be ſatis factory, a receiver of an 
5 air- 


1 
ar · pump ſhould be uſed, the capacity of which is ex · 
actly known: let a veſſel of mercury be placed in this 


receiver, and let a tube of which both ends are open be 


immeried in the merenry, being continued through the 
receiver; the magnitude of the veſſel and. the mer- 
cury contained in it, and the portion of the included 
tube, muſt be found and ſubtracted from the capacity of 
the receiver: Let the remaining capacity be denoted by 


A: then a known quantity of atmoſpheric air B being 


thrown into the receiver, the mercury will riſe, accor- 
ding to the following proportion: as the elevation of 
the mercury is to the ſtandard altitude, fo is the air 


. thrown into the receiver, to that which it poſſeſſed be- 


fore any air was added to it; or if 8 be the ſtandard al- 
titude and Hf the height of the mercury in the tube ; 
as H:S::B:A. 

From hence it is inferred, that. the quantity of air in 
the receiver wilt be always proportional to the ſtandard 
altitude, added to the altitude of the mercury in the 


tube, which two columns meaſure the quantity of the 
air's preſſure on the ſurface of the mercury in the recei- 
ver, or in other terms the preſſure of the air on a given 


ſurface is as its denfity. 

This method of aſcertaining the air's elaſtic force is very 
exact, but is ſuited to a moderate condenſation of the 
air only. If it is propoſed to obſerve the elaſtic force 
of air compreſſed in # very great degree, other methods 
are neceſſary, which however are not ſo preciſe as that 
which has been deſcribed, 


XXXII. 


A given quantity of air being expanded 
into larger dimenſions exerts on the ſame 


ſurface an elaſtic force, which is leſs in the 
ſame proportion as the wore occupied by 
the air is greater. 


"Suppoſe 
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Suppoſe a receiver to contain a mercurial bar 
and the capacity of it to be exacthy known, due allow- 
ance being made for the magnitude of the barometer: 
ſuppoſe this capacity to be A; let the receiver, when 
full of the common atmoſpheric air, communicate with 
an exhauſted receiver of which the capacity is B; then 
the mercury in the barometer will gradually ſubũde un- 
til it remains ſuſpended at an altitude which is to the 
ſtandard altitude as A to A + B, that is the altitudes 
of the mercury will be inverſely proportional to "the 
ſpaces occupied by the given quantity of air contained 
originally in the receiver A, 85 

Some allowance muſt be made for the ſmall remains 
of air in the exhauſted receiver. 


The barometer gage of an air-pump will gene not 


only the quantity of the air's preſſure Art. XXVIII. but 
that of its denfity * elaſtic force alſo, - 


- XXXIIL 


If any portion of a barometer tube exact- 
ly cylindrical be occupied by air before in- 
verſion, after the barometer 1s inverted, 
the mercury will ſubſide below the ſtan- 
dard pts oh and the ſtandard altitude 
will be to the defect from it, as the ſpace 
occupied by the air after inverſion, to the 
ſpace occupied by it before inverſion. 


6 


This follows from the decreaſe of the air's elaſtie force 


in proportion to the ſpace occupied by it. Before the 
air is expanded, its elaſticity is equal to the weight of a 
column of mercury the height of which is the ſtandard 
altitude preſſing againſt the ſame ſurface. After inver- 
fion the elaſticity muſt be equal to the weight of a co- 
Jumn of mercury which is the defect from the ſtandard 
altitude, and the ſpaces occupied by the air being inverſe- 


ly 
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ly as their elaſtic forces, it will follow that the ſtandard 
altitude will be to the defect from it, as the ſpace oc- 
cupied by the air after inverſion to the ſpace occupied 
by it before inverfion, 

Let s repreſent the ſtandard altitude, 4 = the defect 
from it, & = the difference between the ſtandard alti- 
tude, and that part of the tube which is above the ſur- 
Face of the external mercury, q = the quantity of air 
included, Then the N proportion will de ge- 
netal. 


1 


A* 4 +4: 9, and 9 = by which 


the ſtandard altitude and the defect from it being given, ; 
with the length of the tube above the external 
mercury, the quantity of air included will be known. 

If the quantity of included air be given to find the 
defect from the ſtandard altitude, let x = the defect 
ſought, and by the preceding rule 5: x::4+x: 2, 


3 | 
2 


wherefore's* + bx = og and * = 


If the ſtandard Utitode 3 is greater than the length of 
the tube, the ſign of 4 will be changed, and xor or the 
defect from the ſtandard atitude will now . 


9 


2 
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The barometer tube being cylindrical, the quantity 
of air included before inverſion and the ſpaces occupied 
by it after inverſion will be truly eſtimated by the de- 
. grees into which the length of the tube is divided. 

The general concluſion deduced from the two latter 
articles is, that the elaſtic force of the air is always pro- 
portioned to its denſity ans to its Fan on a given 
hae. | 


XXXIV. 
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The altitude of the mercury in à baro- 
meter elevated above the earth's furface, 
is obſerved to be leſs than the ſtandard al- 
titude at the earth's ſurface. | 


Sine the ſuſpenſion of the mercury ir the barometer 
is canſed by the preſſure or weight of the atmoſphere, 
when any part of that weight is taken off, the attitude 
of the mercury will be leſs: if a barometer is eleva- 
ted above the earth's ſarface ; aft the cotumm of air 
beneath the barometer, which before the elevation con- 


tributed to keep* the mercury fuſtained, will nom no 


longer have any effect on it; conſequently the werght 
of the atmoſphere, meaſured by the altitude of 

the barometer at the carth's ſurface, will be dininifeet 
at the upper ſtatioſ by the weight of the intermediate 

column, and the altitude of the mercury in the barome 
ter will be proportionally diminiſhed, the diminution. 
being a columnof mercury, of which the weight is equal 
ro that of the intermediate column of air between the 

earth's ſurface and the elevated bawmeter. 

It is evident, fince the preffure of the air on 2 giren 
ſurface is continually leſſened as we aſcend in the at- 
moſphefe, that the denfiry muſt alſo decreafe in the 
ſame proportion: Art. XXXIL the altitude of the mer 
cury inthe barometer will therefore be a meaſure of the ats 
preſfure am elaſtic force at diſſerent heights above the 
earth's ſurface at any given time, as well of the variations 
of the air's weight and elaſtic force at a given height, o- 
terved at different times, j 


oF XXXV, 
The height of an atmoſphere which is 
uniformly of the ſame denfity with the air 


RN — 


K K ˙ ——— — —— 


E a 


$ 
Ll 
: 


= 1 
„„ | 
at any altitude above the earth's ſurface is 
a given quantity, being equal to the height 
of an homogeneal atmoſphere of the ſame 
- denſity, with the air at the earth's. ſur- 
face, . 
Let the ſpecific gravity of ait be to that of mercury, 
as nr: 1. Let b be the height of an homogeneal atmof- 


phere at any given ſtatioſi: let a = the altitude of the 
metcury in the barometer at the fame ſtation ; then by 


What fas preceded u: K: 4 f, andh = 7 but #_. 


will be always a meaſute of the air's denſity and pref- 
fure, and will therefore always vary in the ſame pro- 


portiom with @; confoquently - or & will be a 


given or conſtint quantity, at alt altitudes from the 
e farfice, 


r 
Teo altitudes of the barometer 4 and 3 
correſponding to the two ſtations A and B 
being given, to find the difference of the 
altitudes of A and B from the earth's ſur- 
face. 
Let 5 be the height of ati homogeneal atmoſphere ; 
let the. vertical diſtance between A and B be x, A bes 
ing the lower ſtation: let 4 be the denſity at B, when 


the denſity at A is t. Suppoſe the altitude æ to increaſe 
„„ dy 


WF 


by the leaf} increment a, then the decrement of preſ- 


ſure correſponding to the ſpace &, will be to the whole 
preſſure at Bas # + b; the weights of columns that are 
uniform and ſtand on the ſame baſe being as their alti- 
tudes ; but as the decrement of preſſure to the whole 
preſſure at B, ſo is the decrement of the denſity to the 
denſity at B; Whęrefore as x: 6: 4:4, and a 


* 7 or & i= — b Xlog, d=— 6b x lags +> or = 


* 


b x log. 7 expreſſed in hyperbolic logatithms: if che 
tabular logarithms are uſed, 4 will rf. age x 5 log. 4 


or * = 61172 X log. 7 in feet. 


If the air were ee at the temperature of the 
freezing point at all altitudes from the earth's ſurface, this 


rule would require no correction, but it is known that the 


air's temperature is moſt commonly very different in the 
higher regions from that which is experienced on the 
earth's ſurface: this ahers the proportion of the air's den- 
ſity in reſpect of its-weight, apd makes it neceſſary toapply 
2 correction on account of the difference between the 
temperatutes as indicated by the rn at the ups 
per and lower ſtations, 
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CONCERNING PUMPS. 


XXXVI. 
On the operation of pumps which raiſe 


water by the preſſure of the atmoſphere. 


A pump has no effect in raiſing water which is placed 
in an exhauſted receiver. 

The elevation of water by the pump being 
cauſed by the atmoſphere's preſſure, which is equivalent 


to that of about 3o inches of mere ny or 34 feet oſ wa- 


ter on a given ſurface, it is plain that water cannot be 


raiſed by a pump to an altitude greater than that of about 
34 feet, this height being a little greater or leſs on ac- 


count of the variation of the atmoſphere s weight, 


XXNVI0 Stet of 


On the conſtruction atid operation of 
pumps which raiſe water by the force of 
condenſed air. | 


The effet of this kind of pup is not limited to 
raſing water to any particular altitude, fince the ait's 
condenſation may be increaſeto any degree. 

If the air's condenſation is double to that of atmoſ- 
pheric air, its elaſtic force will raiſe water to the height of 
about 34 feet; if the condenſation is increaſed threefold, 
the altitude to which water may be raiſed by it will be 
about ice the former height or 68 feet: the alti- 
pudo of the FRO water being increaſed 34 feet for each 

2 


1 


addition of unity to the number which expreſſes the ai 


condenſation, | 


q 


XXXIX. 
On the operation of the pump ws the 


rareſaction and condenſation of 
Joined with the atmoſpheres preſſure. 


XL. | 
| On the conſtruction and uſe of the aix- 


XII. 


Let the capacity of the receiver bs A, 


that of the 3 be B: then whatever 
be the rareneſs of the air contained in the 
receiver, one elevation of the piſton will 


take from it a quantity which is to the 


whole as B is to A+B. 


Let Ah be to B as : 1, and let a be the quantity 
of atm@ſpheric air in the receiver before exhauſtion : 


then the piſton being ſucceſſively elevated; the quan- 


tities of air exhauſted and the remaining portions will 
be expreſſed as underneath, 


N aſs: FU exhauſted, dun. remaining. 
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It appears that the quantities exhauſted will be conti- 
nually leſſened in the given proportion of : »—1 ; and 
chat the quantaties remajping in the receiver will be dimt- 
niſhed in the ſame proportion. Conſequently both the 
quantities exhauſted and thoſe remaining in the receiver 
will be diminjſhed in geometrical progreſſion, Let ꝗ be the 
quantity remaining in the receiver after r elevations of the 


. x = - it follows that mg a , nd 
2 , 
r= r 
—1 
8 
XLII. 


To 3 the capacity of the tubes 
which form the communication between 
the barrel and receiver, and to determine 


the capacity of the barrel. 
In 


,*> 


531 
In che laſt article the tubes which form the oommuil- 
eatlon between the barrel and receiver were not conſi- 
Jered ; in ſome experiments it is extremely uſeful to 
know 8 the fo. 164 of thoſe Hows Which 1 
aſcertai the mg proceſs, ar capacit 
the barrel * the Bene on obtained. 1 
Let the apertures of the air · pump be cloſed, uo recei- 
vet being applied; let the piſton be elevated once 3 
and mark the altitude of the mercury in the gage, which | 
ſuppoſe Sa; the ſtandard altitude being S. Let the 
capacity of the barrel be x, and that of the tubes of com- | 
munication S then as y : x+93::#:d, and 2 
b—8a: a; let I- be to aa to. 1 
A receiver of which the capacity is c {which ſhould 
not greatly exceed that of the barrel) being applied, let 
the piſton be elevated once ; and let the altitude of the 
mercury in the gage be a; the ſtandard altitude being : | 
then ſince the claſtic force of any giveti quantity df air | 


is inverſely as the ſpace it occripies, we ſhall have | 


| and y = 1 wherefofe S 
＋ +5 axmb+l-b 21 113 


from which equations the capacity of the barrel and chat 


* * 


ef the tubes of communication are known. 


SOME EXPERIMENTS ON THE EFFECTS OF 

THE AIR'S PRESSURE AND ELASTIC FORCE. 
XIII. as 

Let the ſhorter arm of a ſyphon be im 


merſed in mercury: if the air is removed 
| from 
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„ 
from the inſide of the tube, it is obſerved 


that the mercury will flow out of the 
longer arm in a continued ſtream. , | 


In this experimetrit the perpendicular height of the 
ſhorter arm abore the ſurface of the mercury in which 
it is immerſed. muſt be leſs than the ſtandard altitude of 


the mercury in the barometer. 


If a mercurial ſyphon is included in the receiver of an 
air- pump the air being partly exhauſted, the mercury 


will not flow out of the longer arm unleſs the perpen- 


dicular height of the ſhorter arm is leſs than the alti- 
made of the mercury in the gage which meaſures the 


elaſtic force of the air in the receiver; 


Let a ſmall veſſel be filled with watet, 
. let the aperture of it be exactly covered 


with a braſs or other plate: if the veſſel be 
inverted, the plate will ſtill continue to ad- 


here to it. 5 


In this caſe the preſſure of the atmoſphere in a direc- 
tion contrary to that of gravity exceeds the weight of 
the plate and of tlie water which reſts on it, 


XLV. 


Let a thin glaſs veſſel, the aperture of 
which is cloſed, be placed under the reeei- 
ver of an air pump : if the air is exhauſted 
from the receiver, the A will not be 


broken. JEN 
XL VI. 
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xvi. = 

Let a thin glaſs veſſel, the aperture of 
which is cloſed, be fitted with a valvo open- 
ing outward: let this be placed under the 


receiver of an air- pump, and let the air be 


exhauſted : on Feng the arr, the veſſel 
1s broken. r 


ur vi 


Let any thin ſubſtance i impervious to ait 
be fitted to the upper aperture of a receiver 
ſo that there may be no communication 
between the internal and external air: on 


exhauſting the receiver, the. e is 
broken. | | 


XLVII. 

Let two hollow hemiſpheres be cloſely 
placed together, ſo that all communication 
between the internal and external air'ma 
be prevented; if the air be exhauſted from 
the cavity, it is obſerved that the hemi- 
ſpheres are ſo preſſed together, that a force 
bp bop to about fifteen pounds for eve- 
ty © ual inch of a 258 circle of the he- 
miſpheres is 9 to ſeparate them. 

XLIX. 
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If an exhauſted receiver be made to com- 
municate with a veſſel of water by means 
of a tube inſerted in the centre of the plate 
on which the receiver ſtands, the water 
aſcends through the tube, and ſtrikes 


againſt the extremity of the receiver with 


a continued ſtream. 


* . 
o 7 * 


7 


SOME PROPERTIES OF ATMOSPHERIC , AIR. 


If a bell be ſtruck under the receiver of 


an air- pump, it 1s obſerved that the found 
becomes weaker the more perfectly the air 


- 


is exhauſted. 


It appears from this experiment that ſound is propa- 
vated by the air: found is alſo conveyed by continued 


media of ſeveral kinds: if two hard ſubſtances are ſtruck 


together under water, the ſound will be heard by a per- 
ſon immerſed under water at a greater. diſtance than the 
ſound can be heard in the open air. If the ear is 
applied at the extremity of a very long rod, a ſcratch 
made at the ather end with a pin can be heart 
diſtinctly 1H. f ail: 34 1 Hu 4 

Thoſe -phenomena have ſuggeſted a notion that ſound 


is conveyed by fome ſubtle medium exiſting in alt bodies : 


and if air/is heceſſaty for the communication of found, it 


is only in conſequence of its being replete with this ſubtle. 


3 | LI. 


medium, 


* 


. > . 7 * 


oF 


LI. 
Flame is obſerved to be extinguiſhed in 
vacuo. | , 


If a lighted: candle is placed in a cloſe receiver filled 
wuoith atmoſpheric air, it will be extinguithed after ſome 
time, althongh the air is not exhauſted, 


7 
- - * 
1 
. 


" LII. 


by 


1 55 
4 Wat deprived of the air inherent 
in it, Will abſorb the atmoſpheric and 
ſome ↄther kinds of air which communi- 


Water is deprived of its air by boiling or by remaming 
for a ſufficient time in an exhauſted receiver, 45 


* 
LIII. 6 
Water evaporates continually in open 
air; in 4 cloſe veſſel the evaporation is 
greater, as the air is more exhauſted, for a 


certain period of time: evaporation is alſo 
increaſed py heat. 


; This experiment ſeems to diſprove the opinion which 
attributes the aſcent of vapour is to the attraction of 
the air. 5 7 5 : 
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ON THE EFFECTS OF HEAT IN ALTERING 
THE SPECIFIC GRAVITIES OF BODIES, AND 
it N THE MEASURES OF HEAT. 

! | 


LIV. 
Heat applied to a given body either ſolid 


or fluid, increaſes its magnitude, and conſe- 
quently diminiſhes its ſpecific gravity. 


| Thoſe bodies which are changed by heat from ſolid 
' to fluid ſubſtances, are in many caſes exeptions to this 
| article ; for inſtance, water is ſpecifically heavier than 
| ice ; but bodies in general, ſuch as are the objects of phi- 
| loſophical experiments, are obſerved to be increaſed in 
' 
| 
| 


magnitude by heat, 
_ . _- In eſtimating ſpecific gravities, when great exactneſs is 
required, allowance is made for the effects of heat, 


LV. 


On the methods commonly uſed to eſ- 


timate degrees of heat by the expanſion of 
a fluid. 


Mercury, ſpirits of wine, and ſome oils, have becn 
uſed for this purpoſe. 

The heat of a fluid cannot be increaſed after it has 
began to boil. The temperature of water when jult be- 
ginning to freeze, and that of boiling water, are ſtandards 
to which other degrees of heat are referred, 


LVI. 
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| | LVI. 

If the magnitude of any quantity of mer- 
eury at the temperature of water juſt begin- 
ning to freeze, is denoted by unity, when 
it is heated to the temperature of boiling 
water, its magnitude will become 


1.0157. 


In the conſtruction of the thermometer commonly uſed, 
this augmentation of the ſpace occupied by a given quan- 
tity of mercury, is dividediato 180 equal parts or degrees, 
the initial point of which correſponds to the tempe- 
rature of freezing, and is uſually denoted by the num- 
ber 32; conſequently the degree anfwering to boiling 
water muſt be 212. It may perhaps ſeem that the ſpace 
anſwering to the number. oi 57 ſhould be divided geome- 
trically inſtead of arithmetically ; but ſuch a diviſion 
would be uſeleſs in practice: if the ratio of 1.0157 to 
1, were divided into 180 equal ratios, the numbers 
reſulting would not differ materially from thoſe which ariſe 
from dividing . org into 180 equal parts, and adding 
unity to them. For example, the degree of heat corre- 
ſponding to 80 in Fahrenheits thermometer would be 

48 
denoted by a magnitude = 1,0157* ** = 1. 00416278 
by the geometrical diviſion : by the arithmetical, the mag- 
nitude correſponding to the ſame degree will be found 
= 1.00418667 not differing the third part of a degree 
from the former, | 

As the magnitude of a fluid is always increaſed by 
increaſing its heat, the heights of the mercury in the 

thermometer when applied to different bodies will denote 
when one body is hotter than the other, and when they 
are of the ſame temperature, But it cannot be faid how 
much or in what proportion the heat of one body exceeds 
that of another, fince there is no method of meaſuring 
the quantity of heat either by ſpace or number. If the 
| Ecpanſion or proportion of magnitude were the geometrical 

meaſure 
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meaſure of heat, it would follow that a given increaſe 
of heat would expand all fluids in the ſame pro- 
portion, whereas there are few, if any, fluids which 
"#e equally expanded/ by the ſutme jpefeuſe of heat. 
The expanſion of a fluid has however been aſſumed as 
A geometrical meaſure of heat, but on conditions, which, 
1 true in any fingle.ipſtance, are certainly 
ot gene . bags hd age bc * 145 + 4.297 GS ' 2] 
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de 
lt being granted that heat is meaſurable 


the expanſions of a given fluid, and 


that in equal fmall inſtants of time equal 
degrees of heat are communicated to it, ſo 


that the increment of magnitude during that 


ſmall giver titne may be to the whole m 
nitude in a conſtant proportian ; then it w 
follow, that if the times in which a body 
18 heated, be taken in arithmetical progreſ- 
ſion, the de rees of heat or magnitudes of 
the fluid in 1 thermometer correſponding 
Will be in geometrical progreſſion. 
Let the magnitude of the- mercury. in a thermometer 
at freezing point be a, let y.be the increaſe of its mag- 
nitude by the application of any: heat continued uniform 


for the time :; in any ſmall portion of time v, let 


5 be the increaſe of magnitude in the mereury corre- 


ſponding, and becauſe in any ſmall portion of time æ, 


the magnitude of @ + » is always iperes ſed in a given 
proportion, 5 will be to @ +;y- wn a given or conſtant 
proportion; let this conſt ant proportion be that of x : 4 
4 being a definite invariable time to be determined after - 
wards; then ſince : +4; 45:4 we have 4 2. 
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ately follows that if x repreſ ts quantities in arithmeti- 
cal progreffion, the magnitudes q+y 3 will 


in geom ical progrefſion » 


The conſtant quavtit tis Wieda t * 8 | 


heat When 


ment: apply ing (he 


is at the — point in che time 4 ede — 
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other, given . 2 well as that: of the fret ing 


might be aſſumed to correſpond with the e ant 
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1 Let warn: water be vhaved under; the 
receiver of an air- pump: Tf the air is ex- 
hauſted, the water is obſerved to bail at a 
leſs temperature than when. its heated in 
open air. | 

In the conſtrution of thermometers, allowance is 
made for the alteration in the heat of boilng water occa- 


fioned by the different ip nk of the pigs. A» as 
nn 15 \ £0 


Wo Kao; Ev 
LIX. 1 


The heat of ſteam Nom boiling water, 
contained in a veſſel, covered from the ex- 


ternal air, is obſervod to be the ſame With 
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1 If a given quantity of ait is ſhut up in 
Wl |. a cloſe. veſſel; the application of heat wall 

„ increaſe its elaſtic force. ee. 

Ul { J This elaſtie force may be meaſured by a barometer or 


' ſimilar inſtrument. fy 
1! ; | X 

1 LXI. | 
| If air has liberty to expand freely, the 
8 application of heat will diminiſh its denſity, 
| | | Air at the temperature of freezing expands about 
| .00244 parts of the whole for each degree of the ther- 
mometer when the preſſure is equivalent to 30 4 inches 

. of mercury. $334) VP 
= | The elaſtic force of air at liberty to expand freely in the 
8 atmoſphere is increaſed by heat, but is equallydecrca ed by 
the diminution of theair's denſity; conſequently the elaſ- 


tic force of the heated air will the ſame as that of 
furrounding adjacent air: be the altitude of the tner- 


| cury in the barometer. will not be ſenſibly affected by 
| any difference of the air's temperature at a giyen ſtation ; 
| the expanſion of the mercuty itſelf uot being here con- 
| ON THE VELOCITIES. OF FLUIDS WHICH 


j FLOW FROM SMALL APERTURES. 
1 ee. 

If water flows out of a cylindrical or any 
priſmatic ſmall aperture inſerted in a veſſel, 


the velocity of the effluent water will be equal 
| to 


„511 
to that which a heavy body acquires by fal- 
ling freely from reſt through a ſpace which 


is equal to the diſtance between the aperture 
aud the fluid's ſurface. 


Suppoſe the water to flow through a cylinder the axis 
of which is horizontal; let the area of its baſe be a, the 
length =5, the diſtance of the aperture from the flnid's 
ſurface d. I= the ſpace through which gravity 
impels bodies falling freely from reſt in one ſecond 
The force which impels the water at the baſe of 
this cylinder is the weight of a column of water Sad. 
and the cylinder being confidered full of water 
the maſs moved by the force a d will be ab, from 
whence is obtained the force which accelerates the efflu- 


ent water = 7 This force acts on the water at the 
þaſe during its progreſs through the cylinder or through 
the {pace 5, and will at the end of that ſpace have ge- 


| 7 4ld x b =_ 
nerated a yelocity = 17 : - = Val which is the 


velocity acquired by a body which falls freely through a 
| ſpace S or the perpendicular diſtance between the 
aperture and ſurface of the fluid, It appears that how- 
ever ſmall the length of the cylinder may be, the fame 
velocity is generated i in the water which iſſues through 
it ; wherefore, if it is evaneſcent or of the leaſt finite 
n the velocity of the water which flows from it 
will be the ſame as that which is determined in this ſolu- 
tion, provided the water flows out in a cylindrical or 
priſmatic . form, correſponding to the aperture uy 
which it flows. 


LXIII. 


If water flows out of equal aper- 
tures made in the ſides of veſſels, kept 
TE filled, it is obſerved -that the 

P , Quanticy * 


ö 
bi 


„ 
quantity of water diſcharged in a given 
time, is in a direct ſubduplicate ratio 
of the perpendicular diftances of the aper- 


| tures from the ſurface of the water. 


E.XIV. 


If an aperture biſects the altitude of a 
cylindrical veſſel, kept conſtantly filled with 
water, the horizontal diſtance to which the 


water ſpouts, is equal to the height of the 
veſſel, ſetting aſide the effects of friction, 
and the reſiſtance of the air. 


LXV. 
If apertures be made at different diſtances 


from the ſurface of the water contained in 


a cylindrical veſſel kept conſtantly filled, the 
horizontal diſtance to which the fluid ſpouts, 
is oblerved to be the greateſt when the aper- 
ture biſects the diſtance between the ſur- 
face of the water and baſe of the veſſel, 


Let A be the altitude of the veſſel, D the diſtance 
of the aperture from the ſurface: the parameter of 
the parabola deſcribed by the fluid will be 4D, the 


abſciſſa A- D, and the ſquare of the ordinate, or of 


the horizontal diſtance is equal to 4AD— 4D?, which 
quantity is the greateſt when Ag 2D, or when the aper- 
ture biſects the diſtance between the ſurface of the wa» 


ter, and the baſe of the veſſel. | 


LXVI. 
Let apertures be made at equal diſtances 


from the bottom and top of a cylindrical 


4 veſſel 


1 
veſſel kept conſtantly filled with water; the 
horizontal diſtances to which the water 


E from thele nnen to be 


ON THE MOTION OF BODIES IN FLUIDS. 


LXVII. 


A cylinder moving in a fluid in the di- 
rection of its axis is reſiſted by a force 
equal to the weight of a column of the 
fluid, the baſe of which is the baſe of the 
cylinder, and altitude equal to the ſpace 
through which a body muſt fall freely from 
reſt to acquire the velocity of the inder 8 
motion. 3 

The locker of the cylinder is ſuppoſed fuch that the 
ſpace: deſcribed by it in its paſſage may be immediately 
filled by the ſurrounding fluid; which condition may be 
otherwiſe expreſſed by ſuppoſing the fluid to be infinitely 
n 


LXVII. 
1 ere moving in a fluid is oppoſed by 
a bel nce which is to the force which, re- 
ſiſts a cylinder moving in the direction of 
its axis with the ſame velocity, in the pro- 
portion of 1 to 2. 


P 2 LXIX. 


(1 0 1 


aa NW nh ichoah 
Small ſpherical bodies deſcend in fluids 


with velocities that are nearly uniform, 


and are in the ſubduplicate ratio or their 
diameters. 
If the diameters are diminiſhed beyond a certain degree, 


the velocity of deſcent will be ſo ſmall as to be impercep- 
tible, e after an 1 — of time. 


r 
A ſphere of evaneſcent weight aſcends 


in any fluid with a velocity equal to that 
which a body acquires by ws freely 


from reſt through a {pace equal: to ee the 


ſphere's diameter. 


ne aerial bubbles that riſe in fluids during the ſolution 
of metals, &c. are of this kind; theſe ſpherules being 
of no ſenſible weight. It is evident from the article that 
the velocities with which the ſpheres aſcend | ate in a 
ſubduplicate ratio of _ diameters, 


* 
— 


LXXI. 4 


Spheres of evaneſcent weight and of a 


ven diameter riſe with the ſame ae 


in fluids of any different denſities, 


When the denſities | of the fluids in which b 
without weight aſcend are altered, the motive forces by 
C which 


L ag. i] 


which the ſpheres are impelled, yary in the ſame pro- 
portion with the forces'of reſiſtance. 


e LXXII. | 

Let ſpherules of evanefcerit weight con- 
ſiſting of an elaſtic medium aſcend in a fluid: 
if the preſſure of the fluid is diminiſhed, 
the velocities of aſcent will be increaſed. 
The reaſon is this: the prefſure on the ſpherules 
being diminiſhed, their magnitudes and conſequently their 
_ diameters will be increaſed ; and their velocities will be 
alſo inereaſed. in a ſuhduplicate proportion of the diame- 
ters. When the elaſtic force of the medium contained in 
the ſpherules is inverſely as the ſpace it occupies, and 
the ſpherules aſcend in air, if the denſity of the air is 
diminiſhed in the proportion of 2: 1, the velocities of 
the ſphere's aſcent will be inereaſed in the proportion of 

x 
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The velocities with which elaſtic ſpheres 
of evaneſcent weight aſcend. in a fluid, are 
increated by heat and diminiſhed by cold. 


Heat augments the capacities of the ſpheres and con- 
ſequently their diameters: the velocities will be increaſed 
in a ſubduplicate ratio of their diameters, 3s 


A hollow ſphere formed of a ſubſtance 
the ſpecihc gravity of which is to that of 


the atmoſphere as n to 1, will, when ex- 
1 hauſted, 
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hauſted, juſt float in the air, if its thickneſs 
is equal to its diameter divided by 67. 


There is no neceſſity to affign limits to this approxi- 
mation, as the value of x correſponding to any ſubſtance of 


which a 8 can be formed, NIN boſs than 
n Some 


XXV. 
Every thing elſe remaining as in the laſt 


article, let the hollow ſphere be filled with 
a fluid of which the ſpecific gravity is m, 


when that of common air 16= 1: the ſphere 
ſo filled will float in the atmoſphere if its 
thickneſs is equal to its diameter N. 


into 0 
"6n * 


LXXVI. 


A hollow ſphere filled with inflammable 
air will float in the atmoſphere, if its weight 
in averdupoiſe ounces when empty, is equal 
to the cube of the number of feet in its 
diameter, multiplied into the number 
«589049. 2 5 

The ſpecific gravity of air is here aſſumed at 35 , when 
that of water is 1; the penile gravity of inflamma - 


ble air being dd · 
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ELECTRICIT T. 


ARTICLE I, 


IF a glaſs tube, made very dry, be rub- 
bed with.a piece of ſilk, it is ob erved that 
light ſubſtances, ſuch as feathers, bran, 
cork balls, gold leaf, &c. being applied 
near to it, are firſt attracted and afterwards 
repelled. 


The power by which theſe light ſubſtances are at- 
tracted and repelled, is called Electricity ; the ſubſtance, 
by the friction of which it is produced, is ſaid to be 
electric; the friction of electric bodies, is called exci- 
tation, | 


I. 
Excited 8 being applied near 


to light bodies, firſt attracts and afterwards 
repels them, 


Amber, alk, jet, dry wood, and a variety of other 
ſubſtances being excited, attract and repel light bodies, 
and are called Electrics.— Metals, water, and other bo- 
dies, the ſriction of which will not produce this power 
of attraction and repulſion, are called Non - electrics. 


III. 


If a metallic cylinder be ſupported upon 


fi Ik lines, or upon glaſs, and an excited 
electric 


T3 3 | 
electric be applied near to it, every part of 
the cylinder will attract and repel light ſub- 
ſtances, in the ſame manner as the excited 
electric itſelf. 


Metals poſſeſſing the power of tranſmitting cleAricity, 
are called Conductors; to theſe may be added charcoal, 
water, and all bodies which contain it. Green wood is 
a partial conductor of electricity by means of the water 
it contains; if the water is expelled by heat, the wood 
becomes a non- conductor. 


IV. 


Let a ſilk line, or a glaſs 101 made very 
dry, be ſuſpended on glaſs; it is obſerved 
that electricity cannot be tranſmitted e 


either of them. 


Glaſs being impervious to electricity is called a Noti- 
conductor. Silk, jet, ſealing-wax, air, &c. are likewiſe 
Non- conductors; and in general, all bodies which are 
electries, are Non-conductors ; and all bodies which are 


Non- eledries, are Conductors. 
A body which communicates with nothing but elec· 


trics, is ſaid to be inſulated. 


.. 
Let two cork balls be ſuſpended from 


lines about ſix inches in length, and inſu- 
lated; if excited ſealing wax or glaſs be ap- 

lied to them, they will repel each other; 
and after the excited electric is removed, 


they are obſerved to remain repelled. 
: The 


| 
| 


Cin 
The uſe of inſulating bodies, is to confine the elec - 
tricity applied to them, and to render the effects of it 


permanent. 
VI. 


Conducting ſubſtances not inſulated, be- 
ing held near to an excited electric, are ob- 
ſerved to be attracted towards it. 

Definition. The electric power which. is produced 
from the excitation of glaſs, is called the Vitreous Elec- 


tricity ; and the power which is produced from the ex- 
citation of ſealing-wax or reſin is called the Refinous 


Electricity. ä 


VI. ; 
If the inſulated cork balls repel each other 


with the vitreous electricity, the reſinous 
power being applied to them, will deſtroy 
that repulſion, and will cauſe the balls to 
repel each other with the reſinous electri- 
city, if the excitation be ſufficiently ſtrong. 


VIII. 


The repulſion of the balls electrified with 
the reſinous power, is deſtroyed by the ap- 
plication of the vitreous, 


IX, 


If glaſs and ſealing- wax, equally excited, 
are at once applied to the inſulated cork 
| balls, 


/ 
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balls, no electricity of either ſort will aps 


pear to be communicated to them. 


We obſerve from the three preceding experiments, 
that the vitreous and reſinous powers counteract each 


other; if both are applied at once to a body, the elec. - 
tricity communicated upon the whole, will be only the 
difference of the two, and will be of . Tort which is 


the * 


X. 


If bodies be eleArified with contrary 
powers, they are obſerved to attract each 
other ſtrongly. 


General Properties of Electricity. 


1. Bodies electriſied vitreouſſy repel each other. 
2. Bodies electrified reſinouſly repel each other. 
3. Electrified bodies attract bodies not electrihed. 


4. Bodies electriſied by contrary powers attract each 


other ſtrongly. 


XI. 
If a glaſs tube, having its pelt taken 


off, be excited, it will communicate the 
reſinous electricity to bodies held near it. 


XII. 


A piece of down being applied to 8 
ſealing- wax, and touched at the ſame time 
with a conductor, is electrified with the vi 
treous power. 


It 


— \ | 
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It is concluded from this and the preceding experi- 
ment, that both reſinous and vitreous powers are pro- 
duced from the excitation either of glaſs or of ſealing- 
wax. For the ſake of diſtinction, that power which is 


produced by the excitation of poliſhed glaſs, will be 
called vitreous, and the contrary power reſinous. | 


XIII. | 
If the rubber of a glaſs tube or cylinder 


be inſulated, and a conductor applied to the 


linder While excited, it is obſerved that 
the rubber is eleQrified reſinouſly. 


Whenever the electric powers are ſeparated by excita- 
tion, one power attaches itſelf to the excited cleric, 
and the other to the rubber, 


XIV. | 


If the rubber and conductor applied to an 
excited electric, are both inſulated, the leſs 
electricity will be produced, the more E 
fect the inſulation is made. 


Neither the rubber nor conductor can be inſulated 
perfectly, on account of the moiſture which is always 
floating in the air, 

If the air and the parts of the apparatus be very ary, 
little or no electricity will be excited in the circunſtances 
abovementioned. 

It is concluded from what has preceded that the elec - 
tric powers do not exiſt in the electries themſelves, but 
that they are produced from the earth by the excitation 
of electrics. 

An electrie ſubſtance contained between parallel ſur- 


faces, however diſpoſed, is called an electric plate. 


Q 2 XV. 


6 } 


XV. 


| Electrified bodies attract bodies not elec- 
trified, although a thin electric plate be in- 
terpoſed between them. 


XVI. 


Bodies electrified with contrary powers, 
attract each other ſtrongly, although an elec- 
tric plate be interpoſed between them. 


Thus flame communicates heat through ſubſtances, 
which are impervious to the flame itſelf. 


HYPOTHESIS: 


1. The two electric powers exiſt together in all bo- 
dics. 

2. Since they cemperad each other when united, 
they can be made evident to the ſenſes, only by their 
ſeparation. 

3. The two powers are ſeparated in nonelectricks by 
the excitation of electrics, or by the application of ex- 
cited electries. 

4+ The powers cannot be ſeparated in cleric ſub- 
ſtances. 

g. The two electricities attract each other ſtrongly 
through the ſubſtance of electrics, 

6. Eleftric ſubſtances are impervious to the two elec- 
tricities. é 
. Either power, when applied to an unelectriſied bo- 
dy, repels the power of the ſame ſort, and attracts the 
contrary power. : 


XVII. 


by breaking the interpoſed plate of air, 


(x9 7] 
XVIL 
Tf one b furface of a plate be cleAriſio 


with either power, the 3 ſurface is 


electrified with the contrary . if it 
be not inſulated. 


Either power being . to one of the ſurfaces, at- 
tracts the contrary power through the ſubſtance of the 
electric, and repels the electricity of the ſame ſort with 
itſelf The two powers being thus brought to the op- 
poſite ſurfaces of the plate which is impervious to them, 
remain ſuſpended; ſtrongly attracting each other, till 

the interpoſed plate is broken by their force, or a com- 
munication is formed between the two ſurfaces by ſome 
conducting ſubſtance. 

When the two powers are ſuſpended on the oppoſite 
ſurfaces of an electric plate, the plate is ſaid to be 
charged. A conducting ſubſtance which forms a com- 


munication between two charged ſurfaces is called a cir- 
cuit. 


XVIII. 


When the two powers unite by W 
ing a plate of air, an electric light is ob- 
ſerved, which is attended with an explo- 
ſion if the charge be ſufficiently great ; the 


union of the two electricities deſtroys the 


effects of each, and leaves the plate diſ- 
charged. 


Whenever either power is accumulated in an electrie 
cloud, the ſurface of the earth oppoſed to it is ele&rified 


by the contrary power. — Theſe powers ſometimes unite 
XIX. 
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If plates of air and glaſs equal in magni- 
tude and dimenſion, are charged by equal 


excitations; the plate of air is obſerved to be 
much more eaſily broken by the force of the 


charge, than the plate of glaſs. 


XX. 

If inſulated bodies be applied to either 
ſurface of a charged plate, at different diſ- 
tances from it, it is obſerved that the leſs 
the diſtance, the ſtronger the repulſive 

wer. If bodies not inſulated are applied, 
the leſs the diſtance from the charged ſur- 
face, the ſtronger is the power of attrac- 
tion; from whence it is concluded, that 
the forces of electric repulſion and attrac- 


tion vary in ſome inverſe ratio of the diſ- 


tance. 


It appears that, every thing elſe being the ſame, a 
thin electric plate of glaſs will explode with greater force 
than a thicker plate, the attraction of the two powers 
being the ſtronger, the nearer the charged ſurfaces are 
te each other. | 


. | | 
The force of an electric charge is ob- 


ſerved not to depend upon the ſhape in 


which the charged ſurfaces of a given mag- 
mitude and thickneſs are diſpoſed 


When 
\ 
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When the ſurfaces of an electric plate are charged 
with a certain quantity of the two powers, it is obſerved 
that no additional electricity can be communicated to 


them, however great an excitation is applied for that 


purpoſe. 


It may be inferred from the preceding experiments, 


that the force of a plate fully charged depends upon 
two things: 

1. The quantity of the ſurfaces charged. 

2, Their proximity, 


XXII. 


If any pon of the human body forms a 
portion of the electric circuit, it is obſerved 
that the diſcharge is perceived in that part 
only which forms the communication, un- 
leſs the charged ſurfaces are very great. 


XXIII. 


If circuits of different lengths, conſiſting 
of different conducting ſubſtances, form 
communications detween the two char 
ſurfaces of an electric plate, the diſcharge 
will, under certain limitations, be made 


throug h the beſt conductor, whatever be 
the e of the others. 


If one circuit conſiſts of undried wood, and is of con- 
ſiderable length in compariſon of another which conſiſts 
ot metal, the diſcharge will be made wholly through the 
latter, unleſs the charge ſhould be very great ; in which 
caſe ſome ſmall part of the charge will Pais through 
the wood, 

4 If 
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though the conductor be inſulated. 


| : 
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If a ſhort metallic rod and any part of the human 
body form two circuits between the ſame charged ſur- 
faces, the diſcharge will, in general, be made wholly 
through the metallic rod; but if the charge is very 
great, or if the metallic rod is 'very ſlender, or if it 
mould be of conſiderable length, in any of theſe caſes, 
the diſcharge may be perceived to paſs through that part 


of the body which forms one of the circuits. 


XXIV. 


If circuits of the ſame ſubſtance be dif- 
ferent in ages, the diſcharge will, in ge- 
neral, be made through the ſhorteſt of them 


This will be the caſe when the charge is ſmall ; but 
it may beſo increaſed as to paſs through both the longer 
and ſhorter circuits, 


XXV. 


The times of diſcharging the ſurfaces of 
an electric plate through the longeſt or 
ſhorteſt circuits are not ſenſibly different, 


Many miles of the earth's ſurface, large tracts of wa- 


ter., &c. have been made a part of the electric circuit, 


and the diſcharge through them has been inſtantaneous. 
XX VI. 


If either ſurface of a charged plate com- 
municate with the earth, the power on 


tlie oppoſite ſurface will expand itſelf into 


a conductor which is contiguous to it, al- 


XXVII. 


Let one ſurface of a charged plate be in- 
ſulated : although the other communicates 
with the earth, -no diſcharge of either ſur- 

face will follow. | 


12 the FR of an elbe plate be 


| very flightly charged and infulated, and let 


a circuit with ſucceſſive interruptions be 
formed; the two powers will be viſible, 
illuminating the points of the interrupted 


circuit, and each power will appear to ex- 


tend further from the ſurface contiguous 


to it, the ſtronger charge 1s communicated 


to the plate; but if the illuminations on 
each ſide meet, there will immediately fol- 
low an exploſion of the whole charge. | 


The length of the incerrupcall circuit uſed for this | 


riment was I2 feet. J 
A cylindrical plate is chat which 1 is — 2 between 
two equal wants the * of which are parallel to 


27" * f MIX. f 
Ea cylindrical plate of air contained. in 
the receiver of an air-pump be charged, 
it is obſerved that the more air is exhauſted 
from between the ſurfaces, the more eaſily 

the two powers will unite. 
R The 
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; exhauſted receiver than in the c 
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The diſcharge appears to be made chiefly from that 
undes which poſſeſſes the vitreous power. 


r I AGES 
If an exhauſted receiver be made part of 
the electric circuit, and the charge ſhould 
be not ſufficient to cauſe an exploſion, an 
electric light will appear to proceed in op- 
poſite directions from the parts commyni- 
. with the vitreous an %. ſur- 
2840 
If two contiguom lows, very high ity ths atmoſe 


charge in the receiver. 


111. 


| The firength of the excitation being the 
fame, it is obſerved that a charged plate of 
air will be the more eaſily broken, the 


ſmaller quantity of air is utterpoſed de- 


tween the oppolite ſurfaces. 


An electric plate is more eaſily diſcharged through an 
air; for the gore rare 
the air is made by exhauſtion, the leſs reſiſtance will be 
oppoſed to the union of the two powers poſſeſſing. the 
= 5 and attracting each other throng th 


{ 


XXXII 


4+; XXXII 

The leaſt cylinder, the diameter of which 
is finite, and the thickneſs evaneſcent, is to 
the leaſt cylinder, the thickneſs of which 
is finite, and the diameter evaneſcent, in a 
greater than any aſſignable ratio. 


XXXIII. 


The electric powers poſſeſſing the oppo- 
ſite ſurfaces of a cylindrical plate of air, the 


diameter of which is evaneſcent, will be 


incomparably leſs reſiſted by the interpoſed 
electric, than by the thinneſt plate of air 
gontained hetween two ſurfaces of a finite 


magnitude, 
XXXIV. 


If an interruption is made in each of two 
ſimilar c:rcuits, which form communica- 
tions between the charged ſurfaces of anelec- 
tric plate, and if the ſpace of air in one of 
the interruptions is terminated by points, 
and in the other by balls, the diſcharge 
will be made through the circuit of which 
the points make a part, although the 
len * of the interrupted ſpace of air 
is conſiderably greater than that in the 
other circuit. 

Before any diſcharge takes place, the two powers are 


ſuſpended on the oppoſite ſurfaces of the charged Electric. 
R 2 A 
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An electric plate may be diſcharged two ways: either 
filently in ſome ſenſible portion of time, or by explofion in 
an inſtant : in either caſe, experiments abundantly ſhew 
that, czteris'paribus, the diſcharge will be made through 
a pointed body in preference to a round termination. 

When a pointed body is preſented to any charged 
ſurface, 2 cylindrical plate of air, of evaneſcent diame- 
ter, is charged with the contrary electricities ſtrongly 
attracting each other through it; and the quantity of 
air being ſo ſmall, there will be little reſiſtance to their 
union: the diſcharge will be made by exploſion in pre- 
ference to the gradual diſcharge, according as the oppoſite 
ſurfaces (the pointed body and the ſurface oppoſed” to 
it) are larger, as they are nearer each other, and as 
the charge is greater: for it will be obſerved that a 
point, or very imall ſpherical termination which is in a 
phyſical ſenſe a point, will diſcharge any quantity of elec- 
tricity ſilently and gradually without exploſion, while it 
is at a ſufficient diſtance from the oppoſite charged ſur- 
face: by bringing it nearer, the method of diſcharge will 
be altered; which will now be by a ſueceſſion of ſmall ex+ 
ploſions very quickly following each other. The reaſon 
of this ſeems to be that when the charged ſurfaces are 
very near, there 1s not ſufficient time for the contrary 
powers to unite gradually, - nor ſufficient room in which 
they may be diffuſed among the ſurrounding air. 

This is confirmed by again removing the two oppoſed 
ſurfaces to ſuch a diſtance that the diſcharge may be 
made gradually; in this caſe, if the parts of the apparatus 
are ſo diſpoſed by any kind of contrivance, that the dif. 
charge muſt neceſſarily be made ſuddenly, the method 
of diſcharge will be again altered, becoming now a ſuc- 
ceſſion of exploſions inſtead of a gradual current between 
the oppoſed ſurfaces : this ſuddenneſs in the diſcharge may 
be effected by a proper uſe of interruptions in the cir- 
cuit : it may alſo be cauſed by motion; if either ſurface: 
be moved - briſkly toward the other, the exploſion of 
the diſcharge will be promoted, | | 

Elevated conductors applied to buildings as a ſecurity 
from the effects of lightning, will contribute to diſ« 

NT gl charge 
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charge the electricity from a cloud that paſſes over 
them ; and a greater quantity of the diſcharge will paſs 
through a pointed conductor, than through one which 
is terminated by a ball; but whether the-diſcharge will 


be made by a gradual · current, or by exploſion, will de- 
pend on the ſuddenneſs of the diſcharge, on. the 
proximity of the cloud, its motion, and the quantity of 


the electricity contained in it. If a ſmall cloud 


hangs ſuſpended under a' large cloud loaded with elec- 
tric matter, pointed conductors on a building under- 


neath will receive the diſcharge by explofion in pre- 


ference to thoſe terminated by balls, the ſmall clond 
forming an interruption which allows only an inſtant of 
time for the diſcharge. If a ſingle electric cloud is driven 
with conſiderable velocity near to a pointed conductor, 
the charge may be cauſed to explode upon it by the 
motion of the charged body. In other caſes, pointed con · 
ductors contribute to diſcharge a thunder cloud gradually 
without exploſion. - 

Mr, Wilſon's experiments, publiſhed i in the Philoſophi- 


cal Tranſactions 1778, have contributed greatly ta 


explain the effects of points in diſcharging the electric 
matter. 

If a conical pointed body were inſerted into a fGimilar 
hollow cone, formed in an electriſied ſolid, the ſurfaces 
of the two cones being equi-diſtant, no greater diſcharge 
of the electricities would follow, than if the two conical 
ſurfaces had been plane, and oppoſed to each other at 
the ſame diſtance, 

In order to increaſe the force of the charge, a num- 
ber of electric plates are ſometimes joined together the 
uſual method is, to form a communication between the 


infides of a number of coated glaſs jars, and another 


communication between the external coating. Jars fo 
diſpoſed are called a battery, the effects of which are 
Gmilar to thoſe of a fingle plate of the ſame thick- 
neſs with the jars, and containing tae nn of 


ſurface, 


1 * 1 3 


rr 


IL5 be dif 
ſlender piece of wire, he Fi wire vil 
broken to pieces or melted 


If ala ge 


xxXxXVI. 


yk a battery b diſcharged through a uire 

perforation is made through it, 
1 ach of Fe leaves is protruded by the 
| robe from the middle toward the outward 
leaves, 


XXXV I. 


Let a quire of paper be ſuſpended by a 
line in the manner of a pendulum from any 
convenient altitude, ſo that its plane may be 
vertical : let the largeſt pe. from a bat- 
tery be cauſed to paſs through it while 
quieſcent, in an horizontal direction 
| þ our to the plane, the rods of communi 
cation not touching the paper; the —— 
mena are: iſt, the aperture mentioned 
in the laſt article, the leaves being protru- 
ded both ways from the middle: 2nd, not 
the ſmalleft motion is communicated to 
the paper from the force of the diſcharge. 
A quire of the thickeſtand ſtrongeſt paper was made uſe 


of tar this r the height from which it was ſuſpen- 
ded 


L 

ded bemg 16 feet. It is am extraorditfary appearanee, du 
the Hypotheſis of 4 firgle electric fuld, that a fores 
fuficient to peuetrate a ſofid fuhſtagce of great tena- 
y and cohefive force fflould not communicate a 
nalleſt thotiotr to the paper, hen a breath of air woul 

Earife ſorne ſetifible vibration in it. Hut this diMiculty it 
not utramſwerable: for x velocity my be affigtied, with 
which u body impinges againff and paſſes through x pen + 
dututn of aty given weight 2nd refiſfing force, fo that 4 
ſtaukter atigtilar velocity half be communicated to it tlias 
any that may be propoſed; and we ktiow no limit to the ve- 
locity of the electrie power or powers. But the other phe- 
nomenon, i, e. the oppoſite direction in which the leaves 
are protruded, tends very much to ſtrengthen the opinion 
of two oppoſite currents: perhaps either of thoſe pheno · 
mena, conſidered fingly, may admit of eaſy ſolution from 
the hypotheſis of a fingle power; when they are taken 
both together, it ſeems more difficult to reconcile this 
hypotheſis with matter of fact. | 


XXXVIII. 


If two electric plates be charged, and a 
communication formed between the vitreous 
| fide of one, and the reſinous fide of the 
other, no diſcharge will follow ; unleſs a 
communication be formed between the 


other two ſurfaces, at the ſame time. 


The natural electricity in the atmoſphere is frequent- 

ly diſcharged in this manner: Two clouds being electri- 
ed with oppofite powers, the ſurfaces of the earth im- 
mediately under them are likewiſe electriſied with powers 
contrary to thoſe in the clouds above them; and the 
moiſture of earth forming a communication between the 
5 A 1 two 


- z a 


F 
two contiguous charged ſurfaces, whenever the two 
clouds meet, there will follow a diſcharge, both of the 
clouds and ſurfaces on the earth oppoſed to them,—If 
the earth ſhould be dry, and conſequently afford a re- 
fiſtance to the union of the two electricities accumulated 
on or under its ſurface, there will follow an exploſion in 
the earth as well as in the atmoſphere, which will produce 
concuffions and other phænomena which have frequently 
been obſerved to happen in dry ſeaſons, particularly in 
thoſe climates which are the moſt liable to * of 
thunder and lightning. 4 . 
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An rIc IE I. 


| LET a ſlender iron rod exactly en 
be ſuſpended on a point ſo as to revolve 
freely in a plane parallel to the horizon: 
If the rod be touched with with a loadſtone, 
one extremity of it will be always directed 
towards the north. 


That power which the loadſtone communicates to iron 
is called Magnetiſm ; a rod of iron poſſeſſed of this 
power is called a Magnet : Magnetiſm is communicated 
to iron by magnetical rode, as well as by the loadſtone 
itſelf; Iron rods alſo become magnetical by friction, by 
being kept for a long time in the ſame poſition, and by 
electricity, without any aſſiſtance from the loudſtone or 
magnets. The magnetical needle does not point exactly 
to the north, but varies from that direction by different 
angles ; at ſome places pointing to the eaſt, at others to 
the weſt of the meridian: at the ſame place the magnetic 
needle is obſervedtochange its azimuth gradually: in Eng- 
land the mot ionof its direction is weſtward, being at preſent 
between 22 and 239 weſt from the north point of the ho- 
rizon. The extremities of a magnet are called Poles. 


A vertical circle in the Heavens, which interſects the ho- 


rizon in the points to which the magnetical needle when 
at reſt is directed, is called the Magnetic Meridian, 


II. 


If the north pole of a magnet be placed 
at the point of ſuſpenſion of a needle, and 
drawn along towards either extremity; that 

part 
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part of the needle which is touched by the 
magnet will be directed to the ſouth. 


7 40 WL 7 | 
If the ſouth pole of a magnet be placed 


to the point of ſuſpenſion of a needle, and 


drawn along toward either extremity ; that 


part of the needle which 1s touched will be 


directed to the north. 


8b. IV. 
Either pole of a magnet is obſerved to 
attract iron, which is not magnetical. 
| V. 3 
The north poles of two magnets repel 
cach other when brought contiguous. 
M 


The ſouth poles of two magnets repel 
each other when brought contiguous. | 


VII. 


The contrary poles of two magnets at- 
tract each other ſtrongly. 


VII. 


The northern magnetiſm is obſerved to 
be deſtroyed by the communication of the 
ſouthern, and vice verſa, 15 

| The 


k 8 1 


The two ſorts of magnetiſm operate in ſuch a manner 
as to counteract each other; if both be communicated 
to the arm of a needle, the effect upon the whole will be 
only the difference of the two, and will be of that ſort 
which is ſtrongeſt. 

From this principle it is eaſy to reverſe the poles of the - 
magnet. 


IX. 

Let a needle be exactly balanced and ſuſ- 
pended, ſo as to revolve freely in a vertical 
Plane; if it be made magnetical when ho- 
rizontal, the north pole will be depreſſed, 


and the ſouth pole elevated above the 
horizon. 


X. 
The diſcharge of the electric powers 


through a needle communicates magnetiſm - 
to it, if the charge be ſufficient. | 


General Properties of Magnetiſm, 


1, No ſubſtance is capable of communicating or re- 
ceiving magnetiſm, except the loadſtone and iron. 

2. Every magnet has two poles. | 

3. Similar poles of magnets repel each other. 

4. Either pole attracts iron not magnetical. 

5. The contrary poles of magnets attract each other 
ſtrongly. 

6. The properties of electrieity and magnetiſm are 
in ſome reſpects analogous to each other. Vid. Electti- 
city, Art. X. and XVI. 
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ARTICLE I. 


RAYS of light proceed from luminous 
bodies in right lines, and in all directions. 


It is generally agreed, that light conſiſts of very minute 
particles of matter, Which are ſent forth by ſome power, 
the cauſe of which is unknown, from luminous bodies, 
in right lines, and in all directions. 

Single particles of light, ſucceeding each other in a 
right line, conſtitute a ray of light, conſidered in a ma- 
thematical ſenſe ; but, phyfically ſpeaking, a ray is the 
leaſt viſible portion of light ſeparated from the reſt, 

A ray of light being turned out of its courſe by fall- 
ing upon a poliſhed ſubſtance, through which it does not 
pats, is ſaid to be reflected. 

The angle contained between the incident ray and a 
line drawn perpendicular to the ſurface from the point 
whereon the ray falls, is called the angle of incidence, 

The angle contained between the perpendicular and 
the reflected ray, is called the angle of reflection. 


U. 
The incident and reflected rays are in 


the ſame plane, and the angles of incidence 
and reflection are equal. 


The rays do not impinge upon the reflecting ſurface, 
being turned out of their courſe before they arrive xt it, 
by ſome power which is contiguous to the ſurtace, and 
acts in a direction perpendicular to it, 

III. 


4 3 1 


III. 


Rays of light proceed from illumined 
bodies in right lines und in all directions. 


The ſurfaces of thoſe bodies which conſiſt of uneven 
and irregular parts reflect the light in all directions. 

A ray of light being turned out of its courſe by fall - 
ing obliquely upon the ſurface of a tranſparent medium 
which it paſſes through, is ſaid to be tefracted; the an- 
gle contained between the incident raff and a perpendi- 
cular to the ſurface drawn from the point whereon the 
ray falls, is called the angle of incidence; the angle con- 
tained between the refracted ray. and the perpendicular 
above-mentioned is called the angle of refraction, 

The difference of the angles of incidence and refrac- 
tion, is the angle by which the ray deviates from its 
original direction, and is called the angle of deviation. 

Rays of light are refracted by ſome power contiguous 
to the refracting ſurface. 

Rays of light being bent ont of their courſe by paſſing 
near the ſharp edges of bodies, are ſaid to be iuflected. 


BEE © © | 

When a ray falls obliquely upon the ſur- 
face of a denſer medium, it is refracted to- 
wards the perpendicular; a ray, falling 
obliquely upon the ſurface of a rarer me- 
dium, and pafſing through it, is refracted 
from the perpendicular. 

A ray, falling perpendicularly upon a refracting ſur- 
face, is not turned ont of its courſe, but proceeds in 
the fame direction with the incident ray. — While a ray 
moves in the ſame uniform medium, it does not change 


its direction. 8 
The 
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gle of incidence exceeds about 5g? 200. 
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The principles of Optics are demonſtrated upon a ſup- 
poſition that light is an homogeneal ſubſtance; and 
though light will appear to be compounded of ſeveral 
Finds of rays, yet the principles of refraction and reflec- 
tion, &c. are mathematically true when applied to rays 
of any one ſort,” 


| V. | 
When a ray of _ is refracted out of 


air into a given medium, or out of a given 
medium into ar, the ſine of the angle of 
incidence is to the fine of the angle of the 
refraction in a given ratio. 


If a ray of light is refracted out of air into glaſs, the 
ſine of incidence is to the ſine of refraction as 3 is to 
20, or as 3 to 2 nearly ; out of air into water, as 4 to 3» 
Hence the ſine of incidence is to the ſine of refraction, 
when a ray paſſes out of water into glaſs, as 4: 42, or 
as 93 ; 80. 


VI. 


A ray of light cannot paſs out of a denſer 
medium into a rarer, if the angle of inci- 
dence exceeds a certain limit. 


This limit is the angle of which the fine is to radius as 
the ſine of incidence is to the fine of refraction out of the 
denſer medium into the rarer. Thus a ray of light will 
not paſs ont of water into air if the angle of incidence 
exceeds 48 36', the fine of which is 3 of radius. 

A ray of light will not paſs out of glaſs into air if the 
angle of incidence exceeds 40? 11', the fine of which is 
22 parts of radius; or out of glaſs into water, if the an- 


VII. 
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VII. 


When a ray of light 3 is re fracted by 
paſſing out of a rarer medium into a denſer, 
if the — of incidence be increaſed, the 
angle of deviation will alſo be increaſed. 


Let i, r, and d, repreſent the leaſt contemporary va- 
riations of the angles of incidence, refraction, and devia- 
tion; we have from the properties of thoſe angles i= 
+4 and d=i—r; but the leaſt increment of incidence 
is to the contemporary increment of refraction as the tan- 
gent of incidence to the tangent of refraction; hence : 
is greater than rj therefore 4 being poſitive, the angle 
of deviation will of courſe increaſe while the angle of in- 
cidence increaſes. 

The ſame reaſoning may be applied to demonſtrate, 
that when a ray of light is refracted by paſſing out of a 
denſer medium into a rarer, the angle of incidence being 
increaſed, the angle of deviation will alſo be increaſed, 

A priſm i is a ſolid terminated by three rectangular pa- 
rallelograms and two equal and parallel triangles. 

A line drawn through the priſm parallel to the inter- 
ſections of the parallelograms is called an axis of the 
priſm, 


VIII. 


A ray of light paſſing through a denſer 
priſm, perpendicular to the axis, is obſerved 
to be refracted towards the thicker part of 
the priſm. 


The angle contained between the ſides of the vita 
through which a ray paſſes, is called the refracting an- 


It is always ſuppoſed, in optical experiments, that 
when a roy” is refracted through a priſm, the incident 


and 
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2 emergent rays are in a plans which i is perpendicular 
to the axis. 
IX. | | * 7 


If the angles of incidence in which a ray 
of light 1mpinges upon the ſurfaces of a 
glaſs priſm be ſmall, the deviation of the 
ray from its original courſe, after- refrac- 
tion, will equal about half of the 9 
angle. 


Two angles being diminiſhed foe ür, may vaniſh 
in any given ratio, and their fines will vaniſh-1n the ſame 
ratio, This is a mathematical propoſition ; but in prac- 
rice, although two angles be not evaneſcent, yet if they 
exceed not a few minutes, the ratios of-the arcs and of 
the ſines are ſo nearly the fame, that, as far as regards 
experiments depending upon them, no ſeuſible difference 
can be obſerved, whether the ratio of the arcs or that of 
the fines be aſſumed : thus if the two arcs are 8“ and 4/, 
the fines are as 23271 to 11636 I which differs 
very little from the ratio of 8 : 4. 

Cor. I. In general let I = the ate of incideede, 
R = the angle of refraction, out of the rarer medium 
into the denſer, and D = the angle of deviation after 
the two refractions, V = the refracting angle of the 
priſm; then, if. the angles of AT Pe be "ory ſmall, 


VNTER 


TY = in the * priſm, therefore, the 


angle of deviation will remain the ſame, however the 
angles of incidence upon the rf (being always 
ſmall) ſhould vary. 

Cor, II. In different priſms ** of the ſame ſub- 
ftance, the angle of deviation D will be proportional to 
the refracting angles of the priſms, 

A double convex lens is a ſolid contained between two 
ſegments of ſpherical ſurfaces. 


3 A line 
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: K Ki joining the centres of the ee is 
called the axis of the lens. 


1 
1 1 


There is lee l in every foubl le convex 
letis; through which if a ray paſſes, the: 
incident and emer gent rays will be parallel, 
however the inc eint ray be in clined to the 
axis of the lens ; this point 11s called the 
centre of the lens. n ma 


If tangents be drawn: to he lens) at the Nala of in- 
cidence and emetgence in n ow you theſe tau- 
gents w ill be parallel. * 

The lens being very thin, or if the dire Now of the 


ray's paſſage be not much inclined to the axis, the inci- 


deat and emergent rays will be nearly in the ſame ſtrait 
line. N 


12 is under kodd thit the lenſes!” prilbe, dee. died in 
optical experimeiits, are formed of tranſparent ſubſtarices* 


which are denſer. than the medium througu which the: 
rays flow before” they arrive at the reſrating ſurkaces. 


Theſe ſubſtances are whually glwarwater,” 
A ray of light filling upon a convex 
leus is bent by refraction towards the 


axis, unleſs the inclination of the incident 
ray to the axis be very great. 


A ray of light falling upon any eutvs ſurfabe is _ 


ted or reflected in the ſame manner as if it had fallen 1 


a plane ſurface which touched:the curve in the point of iu- 
cidence : for which reaſon it is the ſame thing, whether 
a, ray. is refracted through a lens or through a priſm, 
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the ſides of which touch the lets in the points on” 


which the my paſſes. 
XII. 


If a ray of light falling. nearly parallel to 
the axis 6 refracted through a glaſs lens, 
it will deviate the more from its original 
direction the more remote from the centre, 
it falls upon the lens. 


11 a priſm be conceived to touch 95 lens in the 
points through which the ray paſſes, the angle at 
the. vertex of the priſm will be the greater, the more 
remote thoſe poiuts are from the axis of the lens ; and 
conſequently, by Art. IX. the 1 of deviation will 


be the es. 


XIX. 


If a ray of light be refracted through : a. 
medium, terminated by parallel ſurfaces, 
the incident and emergent rays are parallel. 


The ſurfaces at the points of incidence and emergence | 
are here ſuppoſed parallel. 


A ſlender portion of rays, ſeparated from the reſt, is 
called a pencil of rays. 


Pencils of rays are uſually cylindrical or conical ; the 
axis of a pencil is the ſame as the axis of the cone or 
W 


XIV. 


Parallel rays falling on a reflectiug plane 
furface are reflected parallel. 


XV. 
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If a pencil of parallel rays falls perpen- 
dicularly upon a ſpherical reflector, the 
focus of reflected rays biſects the diſtance 
between the ſurface and centre. 


Foci are thoſe points from which rays of light diverge, 
or to which they converge, 

Ik parallel rays falling upon a reflecting or refracting 

ſurface are cauſed to diverge from, or to converge to a 

given point, this point 1s called the principal focus, 

The diftance between the principal focus and the ſur- 
face of the refractor or reflector, is called the principal 
focal length. | 8 

A ſpherical reflector is ſuppoſed to be a ſegment of a 
ſpherical ſurface, 

A line drawn through the centres of the ſphere, and 
of the leſſer circle which terminates the reflector, is 
called the axis. | 

In the determination of focal lengths, the axis of the 
pencil of incident rays is ſuppoſed to paſs through the 
centres of the refracting or reflecting ſurfaces, and the 
mathematical conclutions which follow are only true of 
thoſe rays which are contiguous to the axes ; but expe- 

runent admits of a conſiderable deviation from the limi- 
tations abovementioned, 


XVI. 


If diverging or converging rays fall upon 

a ſpherical reflecting ſurface, the diſtance 
of the focus of incident rays from the priu- 
cipal focus, half the radius of the reflector, 
and the diſtance between the principal fo- 
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cus and focus £ as 24. rays, will be 


in continual propottion. 


Suppoſe the refleQor to be concave, and the gays to 
diverge from a focus, the Giftance of which from the 
ſurface d. 

ler ine ald, of the reger = =r; we e have _ 

„ „ l $4, * 
preceding rule, 42 I FT 5 the diltpnce be- 
tween the focus of reflected rays and the principal focus. 

The focus of reflected rays is in this caſe between the 
principal focus and the centre of the reflector, where- 


2 


fore adding... to the quantity laſt found, — + 
8; *4-adr — 275 dr 
6 - will be the diſtance of the, 


focus of reflected rays from the ſurface, 

This ſolution, extends to all the caſes of foci formed 
by reflection from a ſpberical ſurface, by changing the 
ſigu of r when the reflector is convex, and of d when the 
rays converge to a point, the diſtance of which from the 
ſurface is 4; thus, if rays converge upon a concave re- 
ſlector, the radius of which is zo inches, and focus of 
eonverging rays ſhould be 10 inches from the ſurface, 


— Ar 4 
the focal length required "ral be ad x iS, 


D 2 ＋ oy 


the preſent caſe = = SED 12 = 


' $8+20 


The diſtanee between the ſurface of the reflecor, 
and _ focus of 3200 l ts called the fo * * 
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XVII. 


A 
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re * of incident ad eflefted rays 
are always c on a ſame ſide of 10 princi- 
pal focus. ee ee dh (7 0ug 

If the focus of incident rays be moved along the axis 
of the reflector, the focus of reflected rays will move 


in the oppoſite direction, and the foci will meet at 
the . and beate 


= XVIII. 

Parallel rays paſſing through one or more 
plane refracting ſurfaces, any oy inclined, 
2 chu 

XIX. 
The ane of the centre of a vlaſs 
if from the principal focus of rays 
refracted by it, is nearly equal to a radius 

a a half of the ſphere, 
1. In general let 1 = the radius of the ſphere, the 
fines of inſidence and refraction I and R, the diſtance 
of the principal focus from the centre of the ſphere = 

* 155 209 
al—2R 

2. Parallel rays paſſing through a globe of water, are 


collected into a focus, the diſtance of which from the 
centre is equal to a diameter of the ſphere. 


3. If a pencil of parallel rays falls upon a ſpherical 
refracting ſurface, we have the following proportion: 


as the difference of the ſiues of incidence and refraction 
3 is 


Wag the radius of the convex 


principal focal length of the lens, 


L \#48 1] 
is to the ſine of incidence, ſo is the radius of the lurface, 
to the diſtance between. the ſurface and focus of refracted 
rays ;, therefore, I and R, y van 72 as n. 7 r 
wp 
3443 10 FEA 91} £ #.0 


diuw, the i, focal length will be = * 


e ; T | i 
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A pencil of f parallel rays filling u upon a 


double convex glaſs lens, terminated by 


ſurfaces, the radi of which are equal, 1s 
obſerved to be collected into a focus, the 


diſtance of which from the lens is nearly 
equal to the radius of either ſurface. 


If the radii of the ſurfaces be unequal, and the fines 
of incidence and refrattion I and R, we have the follow- 


in g rule. 
Find the principal focal length after refraction from 


the firſt ſurface, and it will be, as the diſtance between 


the centres of the ſurfaces to the radius of the ſecond 
furface ; ſo is the difference between the principal focal 
length before found, and the radius of the firſt * 
to the focal length required. - | 
Suppoſe the lens to be double convex ; ud 
Lei the radius of the firſt ſurface r 

| the radius of the ſecond ſurface . 

Then the principal fccal length of the firſt aner 
—_ 11 Ir and we have from the proportion before men- 
2 h Ir 7 Bee | | 
mentioned, RY Ren. MEU Ar = the | 


This 


143 ] 

This ſolution extends to the prioeipal focal leggths of, 
all lenſes, the thickneſs of which is inconſiderable, che 
ſigns of r and g being changed hen the ſarfaces are. 
concave inſtead of convex ; if either ſurface is plane, the 
radius which belongs. to it becomes infinite, in which 
caſe, the finite quantities added to, or ſubtracted from 
it, vaniſh. 


, 74K Li = 
In glaſs the PRI focal 1 2 e or 


25 = nearly: wid? r = eas in the experiment, the ad 


p* Rn, 


cipal focal length = =». ; 9) 4 15 eat 
| Suppoſe the ſecond ſurface of a glafs lens to berg 


plane; p then is infinite, and 7 = 2 — — =.2 os, 
the focal length is twice the radius. | 

The principal focal length is the ſame, whether one 
or the other ſurface is oppoſed to the incident rays. 


. — — 


Let d= the diſtance between the focus 
of incident rays and the centre of a lens, 
S the principal local length, F the diſ- 
tance 3 the focus of refracted rays, 
and the lens, and we have the following 
proportion: as : , ſo is ar 


If the two... radii of a glaſs lens be r and „, 
_ peared from the laſk note that the principal les 


p + con W 
will be . Fine”. — ſuſſiciently accurate for, 


moſt 


e 

moſt experiments. Let 4 = the diſtanee of à focus of 
incident rays; F the diſtance of the focus of emergent 
n all e hase the following Propor- 
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tions as 412 ee, if whetefoje f. 


- 


2drp 
T- | 
Every thing elſe remaining, the focal length will by 


the ſame, whicheyer ſurface of the lens be oppoſed to 


the incident rays. 
If the lens ſhould be of any ſubſtance in which the 
fines of incidence and refraction are as I: R, inſtead. of 


= we. muſt ſubſtitute the general expreſſian 


Ely 09 MEER, of dne 


Rre 


LY 


Rx 


4 — —— :d: whence” 
| I-Rxr+6 IR Fe = 
Rar, 333 
4 , which is a ſolution for all 


5 IR * dr A= R 


caſes of focal lengths when the thickneks of the lou 
is inconſidetable. | 

- It is next to be confbiletad in what manner the en- 
ebe of the foci of ſeparate pencils forms images ar 
Fr. e the objects from which the rays flow, 


XXII: 


"ADE formed by reflection from a plane 
ſurface, are erect, ſimilar and equal to the 
objects, and are as far diſtant behind the 
ſurface as tlie objects are before it. 


XXII. 


t 16 
XXIII. 

An object being immerſed in water, ap- 

rs nearer to the eye than it really is by 
4 of its depth from the water's ſurface. 
In general, if rays diverge from an object, and fall 
upon a refracting ſurface, out of a denſer medium into 
a rarer, the diſtande of image will be to the diſtance of 
the object from the refracting ſurface, as the fine of 


incidence to the fine of refraction, out of the denſer me- 
dium into the rarer. 


XXIV. 
If an object be the arc of a circle, having 
the fame centre with a ſpherical reflector, 
the image will be a fimilar concentric 
arc; and the magnitudes of the image and 
object will be to each other in the ſame 
proportion as their diſtances from the cen- 


tre of the reflector, 


Having given r = radius of a concave reflector, 4 = 
the diſtance of the object from the ſurface, we have the 


| | | ar | 
diſtance of the image = ——, and the magnitudes of 
| a 2d -u | " . 
the object and the image, as 24 — : r. | | 
The diſtances of the object and image from the cen- 


tre of the reflector are in the ſame proportion as their 
diſtances from the ſurtace, 


U XXV. 
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XXV. 


Every thing remaining as in the laſt ar- 


ticle, the image is obſerved to be inverted, 


or erect, with reſpect to the object, accor- 


ding as they are on different ſides or on the 
ſame ſide of the centre of the reflector. 


If the object is moved along the axis of the reflector, 


the image will be moved in a contrary direction. 


XXVI. 


An object ſeen by reflection from a ſphe- 
rical convex ſurface, appears diminiſhed, 
The apparent magnitude depends on the angle which 


the image ſubtends at the eye; in the preſent caſe, the 


image being nearer to the centre than the object, will be 
leſs than the object in the fame proportion. 


XXVII. 


If the arc of a circle, the centre of which 
coincides with the centre of a double con- 
vex lens, be conſidered as an object, the 
image will be an arc ſimilar to the object, 
and the magnitudes of the object and image 
will be to each other, as their diſtances 
from the centre of the lens. 

The properties (with regard to focal length) of all 
lenſes, the principal focal length of which is given, are 
the ſame. Wherefore, let » be the principal fecal 


length, d the diſtance of an object from the lens; 
then, 


— —— 
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then, whatever be the radii of the ſurfaces, the diſtance 


ar 
427 

Every thing elſe remaining, no difference is obſerved 
in the focal length, which of the ſurfaces is oppoſed to the 
incident rays. 

The magnitude, poſition, and diſtance of the image 
from the lens remain the fame, whatever be the figure 
of the aperture through which the rays flow. — The 
brightneſs of the image will be as the area of the aper- 
ture when the magnitude of the image is given. 

The image of a right line formed by a lens is not ree- 
tilinear, but coincides with one of the conic ſections, 
which is determined by the following conſtruction, 


7 f — 


of the image from the lens = 


0 1 | 

Let B repreſent the centre, OE the axis and FB the 
principal focal length of a double convex lens ; let OK 
be a right line drawn perpendicular to the axis, con- 
ſidered as an objec. 

Draw BC=BF, at right rngles to BO; Join CO 
and produce it; at the point C deſcribe the angle HCE 
BCO. B and E will be the foci of the conic ſection 
which coincides with the image, the major axis of * 
=BC+CE. 

Cor. I. The point F being being between B and O, 
the ſection is an ellipſe. 

Cor, II. If O coincides with F, OCB and ECH will 
be each 45 degrees, and BCE a right angle, wherefore 
CE will be parallel to BE, or E wfſll be at an infinite 
diſtance, The conic ſection is in this caſe a parabola, 
U 2 Cop. 
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Cor. III. If OB is leſs than BC, BCE will become 
greater than à right angle, and conſequently E will now 
be removed to the oppoſite fide of B, in which caſe the 
ſection will be an hyperbola; theſe properties follow 
from the properties of conic ſections and of focal lengths. 

Cor. IV. Suppoſe. OB=4d, BC =p, we have likewiſe 
from the properties of conics, the ſemiaxis major of Land 


7 

Ern. an is minor . 
ſecti 55 d the ſemiaxi .= 

Cor. V. The principal parameter of the ſection it 
always equal to twice the principal focal length of the 
lens, 

Cor. VI. The image of a very diſtant right line is a 
circle, the radius cf which is equal to the principal focal 
length of the lens. 

Cor. VII. Whatever be the magnitude or figure of 
the image of a right line formed by a given lens, that 
part of it which lies contiguons to the axis will always 
have the ſame curvature as a circle, the radius of which 
is equal to the principal focal length of the lens. 

Theſe principles are eaſily applied to images of a right 
line formed by reflection from 15 herical ſurfaces, 


XXVIII. 


Objects ſeen through a double concave 
lens appear diminiſhed. 


The apparent magnitude of an object, ſeen through 
lenſcs of all kinds, is determined by the angle which the 
image ſubtends at the eye. 

The apparent magnitude of the image depends on 
two circumſtances: iſt, the real magnitude; and 2dly, 
the diſtance of the eye frojn it,; from whence we may 
de ive an eſtimation of the apparent magnitudes of objects, 
been through any given lens, 

The 
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The image being ſmall when compared with its diſtance 
from the eye, will ſubtend an angle at the eye, which is 
as the length of the image directly, and the diſtance of 
the eye from it inverſely. 

Let d = the diſtance of an object from a double con- 


cave lens, 7 = the principal focal length ; the diſtance 


of the image from the lens will be = on the ſame ſide 


with the object; let e = the diſtance of the eye from the 
lens; then according to the preceding principles, the angle 
ſubtended by the object, when ſeen by the naked eye, 

ill be to that which it a YN under, when viewed oy 


| - 
the lens, as = - to < 75 divided by e + —— = „or as 
dr ered: 2 

It is evident by inſpection that the latter quantity muſt 
be always ſmaller than the former; for which reaſon the 
object will appear diminiſhed, unleſs the lens be conti - 
guous to the object or to the eye. 


XXVIII. 


An object ſeen through a double convex 


lens will appear magnified when the 
diſtance of the object from the lens is 
leſs than the principal focal length, at 
whatever diſtance the eye is ſituated from 
the lens. 


Let e = the diſtance of the eye from the lens, 4 = 
bY: diſtance of the object from the lens, the princi- 
pal focal length; the angle, ſubtended by the object 
ſeen by the naked eye, will be to the angle under which 
it appears when viewed through the lens, as re+dr—ed 
to re ＋ Ar; the latter of theſe quantities being always 

greater 
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greater than the former, the object muſt appear magni- 


fied while e and @ retain any finite values; thus, if the 
principal focal length of a reading glaſs be 12 inches, 
the diſtance of the glaſs from an object ſeen through it 
= 4 inches, and from the eye'= 6 inches, the object 
will appear magnified in the proportion of 12 x 6 +4 x 
12 toi2x6+4X12—4 x6, or in the proportion of 5 


t0 f. 
XXIX. 
If the diſtance of an object from a lens, 


through which it is ſeen, be greater than 


the principal focal length, it will appear 
magnified if the eye is between the image 
and the lens. | R 


The notation of the preceding article remaining, the 
angle under which the object is ſeen by the naked eye, will 


be to that under which it is ſeen through the lens, in the' 


ſame proportion as before, or as er + dr ed to er + gr; from 
this proportion a ſingular phenomenon may be accounted 
for, which is this ; if an object is placed in the princi- 
pal focus of a lens, the apparent magnitude will conti- 


- nually be increaſed, /ine limite, as the eye recedes from 


the lens: fer, referring to the preceding expreſſion, if 
d='r the proportion will become that of r tore, the 


latter quantity always encreaſing with e, 7 remaining 


unaltered, 


XXX. 


If the diſtance of an object from a 2 be 


greater than the principal focal length, and 


the eye is ſituated further from the lens 
than the image, the object viewed through 
the 


| . 

the lens will always appear magnified, 
except when de is greater than 2er + 2dr, 
in which caſe it will appear diminiſhed. 

| When, the diſtance between the object and the lens, 
is very great, the object will appear magnified if 4 
is leſs than 2dr, that is, if e is leſs than 27; if, 
therefore, the Sun or any other of the heavenly bodies 
be viewed through a lens, and the diſtance of the eye 
from the lens is leſs than twice the principal focal 
length, the object will appear magnified ; but if the 
eye ſhould be at a greater diſtance from the lens, the ob- 
ject will be diminiſhed when ſeen through the lens. 


XXXI. 


When rays flow from an object through 
a a lens, the image and object will be erect 
or inverted in reſpect of each other, ac- 
cording as they are on the ſame or different 
ſides of the lens. | 
All real images muſt therefore be inverted in reſpe& 
of the objects. 

If r repreſents the principal focal length of a lens, 
d its diſtance from the object, the lineal magnitude 


of the image will be to that of the object as to dr; 
if Agar, the image and the object will be equal, 


XXXII. 


Let an object be ſituated at any given 

diſtance from a ſkreen, on which its ima 
is to be repreſented by refraction of the 
rays through a lens; ſuppoſe the lens to 
be moved gradually from the object to the 
{kreen, it will either paſs through two po- 
ſitions, 
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fitions, in which it will diſtinctly repre- 
ſent the image of the object on the ſkreen, 
or there will be no poſition in which the 
lens will reprefent the image of the object. 


It frequently happens that the analytical reſolutions of 
philoſophical, as well as other kinds of problems, pro- 
duce more concluſions or anſwers, than were required or 
even known to exiſt. The experiment deſcribed in the 
article affords an eaſy and obvious example of this kind: 
the ſolution is as follows: | | 
Suppoſe the given diſtance between the object and the 
Kreen to be @, and it is required to find the diſtance x, 
at which a lens of which the principal focal length r, 
miiſt be placed from the object, ſo that the image may be 
diſtinctly repreſented on the ſkreen, Here, becauſe the 


- diſtance between the object and lens is x, and the focal 
length of the lens =r, it follows that the diſtance between 


the lens and ſkreen on which the image is formed, will be 
atv a* —ara 


2 


xr 


2 
——; uherefore x + =a, and x= 
r 


We here obtain not only an anſwer to the problem 
required, but further diſcover that there are two values 
of x, which will ſatisfy the conditions of the problem, 


when any image can be formed: it appears alſo 


from the ſolution, that if 4 is leſs than 4ra, that is, if 
the diſtance of the tkreen from the object is leſs than 


four times the principal focal length of the lens, the 


diftance ſonght will be impoſlible, ſo that there can be 
no poſition of the lens by which an image can be formed 
on the ſkreen, When the diſtance of the ſkreen from 
the object is equal to four times the principal focal 
length, the two poſitions of the lens and the two images 
correſponding coincide ; in this caſe the lens biſects the 
diſtance between the object and ſkreen, and the image is 


equal to the object, 
XXXII. 


1 


XXXIII. 


The angle under which a very diſtant 
object is ſeen, through a teleſcope conſiſt- 
ing of two double convex lenſes, is to the 
angle, under which the ſame object is ſeen 
by the naked eye, as the principal focal 
length of the object glaſs is to the principal 
focal length of the eye glaſs. 


In this ſort of teleſcope, the diſtance between the 
two lenſes is equal to the ſum of their principal focal 
lengths. 

Let the diſtance of the eye from the object glaſs be e, 


the principal focal length of the object glaſs =r ; then, 


by the note to Art. XXXII. the angle ſubtended by the 
object, when ſeen by the naked eye, will be to that un- 
der which it appears through the teleſcope, as e—r :r; 
that is, as the principal focal length of the eye glaſs to 
that of the object glaſs. | 


XXXIV. 
A minute object, when ſeen through a 


lens of very ſmall principal focal length, 


appears magnified and diſtinct, if the ob- 
ject be placed in the principal focus. 


The angle under which the object appears, will be to 
that which it ſubtends when ſ-en by the naked eye, as 
the diſtance at which it is viewed by the naked eye diſ- 
tinctly, to the principal focal length of the lens. 

If the principal focal length of the lens does not ex- 
ceed v of an inch; and the diſtance at which the eye 
can ſce diſtinctly to be about {ix inches; it follows that 
the lens will magnify above zoo times in diameter, 

In 
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In this experiment, the rays flowing from any point 
in the obje& will emerge from the lens parallel, and 
being collected into a focus upon the retina of the eye 
will render the image diſtinct: the uſual ſtructure of 
the eye is ſuch as to collect rays, which fall upon it 
nearly parallel, into a focus upon the retina, whereon 
the images of objects from which the rays flow are diſ- 
tiaaly formed. It ſometimes happens that the eye, by 
too great 2 degree of convexity, cauſes each pencil to 
converge to a focus before it arrives at the retina, and 
conſequently, the rays which flow from each point of 
an object, are not collected into a correſponding point 
upon the retina, but are diſperſed over a ſmall circle, 
whereby the object is imperfectly repreſented upon the 
retina, and the ſmall circles above deſcribed, being in- 
termixed, increaſe the confuſion of vifion, The appli- 
cation of a concave lens, properly adjuſted to the eye, 
removes the focus of each pencil further from the ob- 
ject, ſo as to fall exactly upon the retina. 

ES: A contrary defect ariſes when the eye becomes ſo dat- 
| - * tened as to collect the rays into foci behind the retina, 
1 cauſing a confuſion of viſion ſimilar to the former. This 
> is remedied by a convex lens, which aſſiſts the eye in 
WE collecting the rays, bringing the foci of the ſeveral pen- 

| cils nearer to the object, and, by forming the image upon 
4 | the retina, renders viſion diſtin. 

| As to the ſtructure of the eye (the humours of which 
conſtitute a compound lens) and the uſes of its various 
| parts; anatomical diſſection will convey more adequate 
ideas than can be derived from deſcription, ; 


| | | XXXV. 
Small objects may be ſeen diſtinct and 


„ magnified through a combination of two 
f or more lenſes. 


2 Theſe 
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Theſe combinations of lenſes are called compound mi. 


eroſcopes, of which there is a great variety of eonſſrue- 
tions, ; 


XXXVI. 


If a minute tranſparent object, illumined 
by the rays of the ſun, be placed before 
a ſmall lens, at a little greater diſtance 
from it than the principal focus, the image 
will be deſcribed on a ſkreen, properly 
placed, diſtin and magnihed, | 


If the diſtance of the object from the lens be 4, and 
the principal focal length of the lens , the diſtance 


of the ſkreen or image from the lens will be 2 


, and 
r 


the lineal magnitude of the object will be to that of the 


image as 4 ———— or as drr. 


Upon this principle che ſolar microſcope is conſtrue + 
ted, 


XXX VII, 


If the rays of the ſun are tranſmitted 
through a very ſmall aperture into a dark 
chamber, and are received perpendicularly 
on a ſkreen, they will form a round image 
of the ſun, equal to that which would be 
formed by the ſolar rays paſſing through 
a lens, the focal length of which is equal to 
the diſtance between the aperture and the 

image. | 
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Suppoſe the aperture circular, and conſequently the 
pencils of rays which flow through it cylindrical, 

The images which are formed by lenſes conſiſt of 
points, being the vertexes of cones or pyramids of rays. 
The image deſcribed in the article, conſiſts of the baſes 
of cylinders becauſe the rays which flow through the 
ſmall aperture are all cylindrical : but the aperture 
being in a phyſical ſenſe evaneſcent, the breadth of theſe 


_ eylinders will be evaneſcent, and conſequently they will 


have the effect of points in forming a well-defined image. 

This experiment and the explanation of it will be 
preciſely the ſame, if a very ſmall aperture of any ſhape 
1s uſed inſtead of that which is circular; the imag 
always conſiſting of the baſes of priſms, which will ap- 
proach more nearly to points the ſmaller the aperture 
which is made uſe of. | 

The ſolar. rays are always ſuppoſed to paſs through 
the apertures in a _—_— n to their 
Planes. 


XXXVIII. 


The diameter of the ſolar i image is to its 
diſtance from the aperture, as twice the 
ſine of the ſun's apparent ſemidiameter 
to radius, | : 


If the diſtance of the image "from the aperture is 18 
feet, the diameter of the a image will be about two 
inches. 

It muſt be remarked concerning the experiments on 
ſolar rays, that a ſpeculum i is neceffary for turning the 
rays out of their courſe into any direction which may 
be requircd. 

The image formed by the ſolar rays which flow 
throngh a very ſmall aperture may be termed, for the 
ſake of diſtinction, the correct jmage, being of a given 
magnitude when the diſtance from the aperture is 
known, and better defined than when a larger aperture is 
uſed, 


1 157 J 
uſed, which is neceſſary for the enſuing priſmatic expe- 
rimentsz more light being required for making them 
than is tranſmitted through a very ſmall aperture. The 

aperture uſed for 3 n is uſually about 
4 ah ay h. 


XXXIX. 


When the ſolar rays flow through a cir- 
cular aperture of any given magnitude, 
and are received- perpendicularly on a 
ſkreen, a circular image will be formed, 
conſiſting of a bright central image, and 
an annulus of fainter light ſurrounding it. 


Let a be the diameter of the correct i image correſpon · 


ding to the diſtance between the aperture and the 


ſkreen on which it is formed: let 4 be the diameter of 
the aperture: then the diameter of the bright central 
image will be @ — 4; the breadth of the annalus 
or penumbra will be 4 Conſequently the diameter 
of the entire image will be a + d: and the dif- 


ference between the diameters of the entire image and 


the bright central image will be 2d. 

It appears that when the diſtance from the aperture is 
given, the diameter of the bright central image is de- 
creaſed as the diameter of the aperture is increaſcd, 

The internal parts of the penumbra, being thoſe which 
are neareſt to the centre of the | image are almoſt of the 
ſame brightneſs with the central image itſelf, and are 
ſcarcely to be diſtinguiſhed from it: the other parts of the 
penumbra, which are more remote from-the centre, de- 
creaſe gradually in brightneſs to the extremity. : 

The diſtance from the aperture being given, and 

a being greater than d, the diameter of the bright cen- 
tral image is decreaſed as the diameter of the aperture 
is increaſed, until the diameter of the aperture is equal to 
that of the correct i image, in which caſe the diameter of 
the bright central image vaniſhes, But the diameter of 

the 
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the aperture being ſtill increaſed, the diameter of the 


bright central image will continually increaſe alſo. 
Similar changes take place when the diameter of the 

aperture remaining the ſame, the diſtance of the image 
from it and conſequently the diameter of the corre& 
image is continually leſſened ; the diameter of the bright 
image being diminiſhed at the ſame time till a = 4, 
when the bright central image vaniſhes, and when à be- 
comes leſs than d, the bright image will afterward in- 
creaſe from being =o to its being = to the aperture 
as the ſkreen is moved toward the aperture. 

However the magnitude of the bright image may be 
changed, the breadth of the penumbra always remains 
the ſame while d is leſs than 2. wr 


XL. 


When theſolar raysflow through an aper- 
ture correſponding to any plane figure, the 
image which 1s formed will be determined 
thus ; on the ſkreen which receives the ſo- 
lar rays perpendicularly, deſcribe a plane 
figure, ſimilar and equal to the aperture: 
let circles be deſcribed from centres coinci- 
dent with the line or lines which terminate 
this figure, theſe circles will determine 
the figure of the image. 

It is plain from this conſtruction, that the entire figure 
will not be-fimilar to the aperture in a geometrical ſenſe, 
although it will partake of the ſame form, and will 
approach more nearly to that of the aperture, the nearer 
the ſkreen is brought to it: as the ſkreen recedes from 


the aperture, the image approaches to a circular form with 
which it ultimately coincides if the diſtance is increaſed 


fine limite. The penumbra will be a figure partly circular 


and partly ftmilar to the aperture, but will approach 
nearer 
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nearer to the figure, of the aperture, the nearer the 
ſkreen is brought to it. 1 

It is propoſed as a problem by Ariſtotle to explain the 
reaſon why the rays of the fun flowing through a tri- 
angular aperture form a round image. From what has 
preceded, this problem ſeems to want limitation : becauſe 
when the ſkreen on which the image is received, is near 
the aperture, the image will be triangular; and at greater 
diſtances, the image always partakes ſomething of a tri- 
angular form, not being entirely round unleſs the diſ- 
tance of the image from the aperture is increaſed re 
limite. 


XLI. 


Whatever be the figure of an aper- 
ture through which the ſolar rays flow, 
and afterwards paſs through a lens; a 
round image of the fun will be formed on 
a ſłreen placed at a proper diſtance, which 
will be preciſely equal to the correct image, 
the penumbra being removed by the lens. 

Theſe articlcs relative to the ſun's image and penum- 
bra are ſo applicable to the phenomena of the Camera 
Obſcura, that a few remarks on this ſubject may be 
here properly inſerted, | SE Ie 


A ſmall aperture being made in the window ſhutter of a 
dark chamber, the adjacent objects, if they are ſufficient- 


ly illuminated, will be repreſented on a ſkreen by images 


fimilar to the objects, but inverted in reſpect of them. 
The images are well defined when the aperture is ſmall 
and the objects are diſtant, becauſe in this caſe the pen- 
cils which flow from each point of the objects are nearly 
cylindrical, and have very ſinall baſes, conſequently each 
point of the object will be repreſented on a fkreen by a 


ſmall circle; and the leſs this circle is, the more exactly 


wall it repreſent the correſponding point, When a lens 


of 


_— 
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of proper focal length is applied, each of theſe ſmall circles 
is converted into a point which willrender the images more 
diſtind; but if the aperture is increaſed, or the objects 
brought nearer to it, in either caſe, the circles in the image 
which repreſent correſponding points in the object, be- 
come larger, and conſequently the images are more in- 
diſtinct, but yet are ſufficiently defined to expreſs the ob · 
jects, unleſs the aperture ſhould be increaſed beyond a 
certain limit, which will depend on the ſort of object 
repreſented, the quantity of light, &c. | 


XLII. 


A ray of the ſun's light being refracted 
through a glaſs priſm, is obſerved to be ſe- 
parated into rays of different colours, 


Theſe colours are red, orange, yellow, green, blue, 
indigo and violet, and are called the priſmatic colours 
from the experiment. The ſeparated rays deviate un- 
equally from the courſe of the incident ray, whence they 
are ſaid to be differently refrangible. The refrangibility 
of the rays anſwers to the order in which the colours 
appear in the priſmatic ſpectrum, the red being the leaſt, 
and the violet rays the moſt refracted: either of the ſeven 
colours ſeparated from the reſt is called an homogeneal 
ray, or homogeneal light. | | 


XIII. 
Homogeneal light cannot be further ſe- 


arated or altered, as to its colour, by re- 
fraction through any number of priſms. 


XLIV. 


* N - 
2. * E © „ £ 1 
f 8 ; | XLIV 
. 


We ray of light, paſting through an unt- 
form medium, terminated by parallel ſur- 
faces, is not at all ſeparated into colours. 


. 


+ Whenever the homogeneal rays, after having been ſe« 
parated from a common ray of light, are cauſed by ſub- 
ſequent refraction to emerge parallel, the emergent rays 
are colourleſs; although they .may deviate from the 
* courſeof the incident ray; in this experiment, the homo- 
geneal rays emerge after the ſecond refraction parallel. 


XL. | 


"Thoſe rays which are the moſt refran- 
gible are alſo the moſt reflexible. 
The fine of incidence is to the fine of refraction in the 
red rays, paſſing out of glaſs into air, as 30: 57; where- 


fore, they will be reflefted from the ſarface of glaſs, 
if the angle of incidence exceeds 40? 29“, the ſine of 


which is 2 of radius; the fine of incidence is to the 
fine of refraction of the violet rays, as 50: 78; thoſe 
rays, therefore, will be reflected if the angle of incidence 


exceeds 39 52, the ſine of which is 5+ of radius. 


XLVI. 


The homogeneal rays, being collected 
into a focus upon a ſkreen of white paper, 
are colourleſs. 


XLVII. 


If one of the homogeneal rays be ſtopped 
before it reaches the ſkreen, the ſpectrum 
2 conſiſting 
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conſiſting of Fa remaining rays becomes 
coloured, 


It appears from the preceding Article, that ſolar 
light is an hetorogeneal ſubſtance, confiſting of ſever! 
ſorts of homogeneal rays—Let a ray of ſolar light be 
refracted out of air into any given medium; the homo- 
geneal rays will impinge upon the refracting ſurface at 
a common angle of incidence, but the ſines of the angles 
in which the rays are refracted will be different; the 
angle contained between the red and violet rays, after 
refraction, is called the angle of diffipation, and is the 
difference of the laſt angles in which thoſe rays are re- 
fracted. 
let the fine of incidence be to the ſine of refraction of 

the rays of mean refrangibility, paſſing out of air into 
any medium, as m: 1, of the violet rays as 1. 3 I, 
and of the red as mm : 1. 

The quantity being conſtant in the favs medium, 
is aſſumed as a meaſure of the diſperſing or diffipating 
power. Thus the fine of incidence is to the fine of re- 
fraction in the rays of mean refrangibility, paſſing out of 


air into common glaſs, as 2 : I, in the red rays as 
3.7. : 1,5 and in the violet as ITY rn putting 


2 3 ==, we have 2 = m + mandy = — . In the 
fame manner, if the ſine of incidence be to the ſine of re- 
fraction of the rays of mean refrangibility, paſſing ut pol 


0 845 


air into water, as T1 =: 1, 7 the red rays as ">" 
; 1, and of the violet rays as Te :I: if wv be made 


1 — , we ſhall have ay = TIT and m Wy or the 


ratio of the diſperſing powers exiſting in the two medi- 
ums, e _ ſeparate the homogeneal rays, is 


that of 3: e or $1 1 80. 

Suppoſe that the ſine of incidence is to the ſine of re- 
fraction of red rays, paſſing out of air into flint glaſs, 
as 1.565 : 1, of the violet as 1.595: 1: then the ratio 
of refraction in the rays of mean refrangibility 4 as 
2 - 1.5 il, 


» 


l 


1.68 : 1. if » = 1.88, „ = ,55: and the ratio of 
the Os powers of flint and common glaſs will be 


2 2003 , or a8 3 12. 


XLVIII. 
A ray of ſolar light * xefracted thro? 
the ſides of iſoſceles p of common 


glaſs, the refractiug 4015 of which is 305, 
when the rays of mean refrangibility paſs 

parallel to the baſe, the angle of diſſipation 
| wil be about 39 * 


If a ray of ſolar light be refracted through one furface 
only, let = the tangent of refraction of the rays of 
mean refrangibility, „ : 1 the ratio of refraction of the 
ſame rays, a the meaſure of diſfipating power ; the an 


gle of diffipation will be ſubtended by an are = =, ra- 


dius being 1. 

Thus if a ſolar ray impinges upon a ſurface of common 
glaſs, at an angle of incidence 20, mbeing = 
or 1.55, the angle of refraction of the rays of mean re- 
ER a Abs = 12% 44" 52”, and the arc which meaſures 


2 x tang. 129.44". 52” 


the angle of difſipation = | 
* 190 *., 


00.3“, radius being = 1, 

"if the rays are refracted through two ſurfaces inclined 
to each other, ſuch as the ſides of a priſm, let the fine of 
dhe refracting angle = a, the coſine of the angle of re- 
fraction of the rays of mean refrangibility at the firſt 
ſurface =p, the coſine of refraction at the ſecond ſurface 
=: then the angle of diſipation, at which the violet 
and red rays are inclined to each -other afrer the ſecond 

TE * | refration 


" 
„ 
— — 


r 


* _— K -< 9 — 
» 


— — IC re — ——_— —ů ů ů—ÜO 3 3 | 
_ pa. " 2322 * — nw * 2 * 


— 2 — 


= —— — 


47 


164 } 
refraftion 2 Thus in the « ** 8 4 0 
ta N erperiment : TAY 


«a= the ſine of 30, p=coſine 1 5*, — coſine 239.395 
and the arc which meaſures the angle of diſperſion (rad. 
_ A2 hnezo.., , 
a 2220 * 100 * Col. 15 X col. 23 T7 = . 5. 


If a ray be refracted through parallel ſurfaces, the 
angle of diffipation vaniſhes, becauſe a, or the fine of 
the refracting angle, wth in that cafe nothing. 


; XLIX. 


Let the vertex of a flint glaſs priſm, the 
refracting angle of which = 23˙. 40“, be 
applied to the baſe of a common glaſs 
priſm, the. refracting angle of which = 
25 a ray of {ſolar light wall paſs directly 
through the priſms, when their ſurfaces 
are contiguous, but the emerge} ray will 
be coloured. 


It was formerly imagined, that a my of ſolar bent 
would, in all caſes, emerge colourleſs aiter reftaction, 
if it did not deviate from the courſe of the incident ray, 
the contrary to which, however, appears from this ex- 

eriment invented by Mr. Dollond. 

The ray is ſuppoſed to fall perpendiculaxly upon the 
ſurface of the priſm, the refracting angle of which is the 

reateſt. 

The poſition of the priſms in the experiment is ſuch, 
that the effects of refraction upon the paralleliſm of the 
homogeneal rays paſſing through them are contrary to 
each other, and conſequently if they were equal, the 


| Fay would emerge parallel: but the flint priim by its 


greater 
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greater difipating power more than oounteracts the ſe, 
paration of the rays cauſed by their paſſage through the 
6rſ priſm, which = 384, and, inverting the order of 
the colours, cauſes the red and violet tays to emerge in- 
clined to each other, at an angle of 127, which is ſuf, 
ficiently great to produce a ſenſible tinge of the priſmatic 
colours in the emergent rays. 

The difficulty which chiefly impeded the improvement 
of teleſcopes was, to refract a ray fo, that while it 
mould deviate confiderably from its original courſe, the 
diſperſion of the homogeneal rays might be counter- 


 a&ted, and that by this means they might all emerge 


parallel, and of courſe free from colour, which is not by 
any means to be effected, except by the combination of 
tranſparent ſubſtances, the refracting and diſſipating 
powers of which are different, | 


L. 


Every thing remaining as in the laſt ex- 
periment, let the vertex of a common glaſs 
priſm, the refracting angle of which is 
10˙, be applied to the baſe of the flint 


priſm 5 if a ray of ſolar light paſſes th rough | 


the three priſms, when their ſurfaces are 
contiguous, the emergent ray will deviate 
about 5. 37 from the courſe of the incident 
ray, but will be colourleſs. 


In this caſe the two common glaſs priſms refrafting 


the ray in the ſame direction, cauſe it to deviate from 
the courſe of the incident ray about 5. 3 more than 
the deviation in the contrary direction, ariſing from re- 
fraction through a flint priſm ; but the latter by its 
reater diſſipating power, exactly counteracts the ſepa- 
pation of the rays occaſioned by refraction through the 
I other 


. — 


— . . 


1 
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cher two priſms, ſo that 18 homogeneal rays emerge 
at length parallel, and of courſe colourleſs. 

In this experiment the rays of mean refrangibility 
emerge at an angle of refraftion = 16*.57', If a ſolar 
ray impinged upon the ſurface of the priſm laſt applied, 
at an angle of incidence = 16*.57', the angle of difſipa» 
tion, after emergence into air, would be 12'4,—It apy 
peared from the laſt experiment, that the diſſipation of 
the rays emerging from the two priſms 123 for 
which reaſon (and on account of the contrary poſition 
of the priſms) the red and violet rays emerging inclined 
to each other at an angle of 12 4 from the two priſms, 
and falling upon the ſurface of the third, will be re; 
frated out of it colourleſs, 


LI. 


If a ray of ſolar light paſſes directly 
through any two priſms, the diſſi iparing 
powers of which are unequal, it will be 
ſeparated into the homogeneal rays. 


Although the deyiations of the ray, after refraction 
at each priſm, be equal and contrary, yet one of the 
priſms poſſefling a greater power of difſipating the ray 
than the other, and conſequently the emergent my be- 
comes coloured. 

The aperture of a lens is terminateg by the circum- 


ference of a circle, the centre of which coincides with 
the axis of the lens; the circumference abovementioned 


is always ſuppoſed to be contiguous to the lens, and 
conſequently its plane is perpendicular to the axis, —The 
annulus of the lens, which is more remote from the axis 
than the circumference which terminates the _— 

f 


is ſuppoſed to be covered with an opake ſubſtance. 


a point, or in practice, any ſmall luminous body ſitua- 
ted in the axis of the lens, be conſidered as an object, 


the image which is formed by the rays flowing from it 
2 
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through the leaſt aperture, ſufficient for viſion, is called 
the principal image. 

"If all the aperture be covered with an opake ſubſtance, 
except an annulus adjacent to its circumference, the 
image formed by rays paffing through this annulus, is 
called the extreme image. | 


LIL. 


If homogeneal rays flow from an object 


placed in the axis of a double convex glafs 
lens, the extreme image of the object will 
be nearer to the lens than the principal 
image. 


Hence it aopears, that the rays which diverge 5 


a given point in object, are not all collected into a point 


in the correſponding image, many images of the point 
being diffuſed over the ſpace contained between the 
principal and extreme images,—The diſtance between 
the principal and extreme images, is called the ſpace af 
diffufion, 

This aberration of the rays from the geometrieal focus, 
ariſing from the ſpherical figure cf the refracting ſur- 
faces, is one of the cauſes of indiſtinct viſion in re- 
fracted teleſcopes, &c 


LIII. 


The extreme image of an object, forme 
by a double convex lens, is coloured 
indiſtinct, if the proportion of diameter of 
the aperture to the principal focal length 
exceeds a certain limit. 

The colour and indiſtinctneſs which are here obſerved 


in the extreme image, ariſe from the different refrangi- 
bility 


1 
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| 


f my 


bility of the homogeneal rays compoſing folar light; 
which emerges from the lens with too great a degree of 
obliquity, and becomes ſenſibly ſeparated into the co- 
toured rays} theſe form many images of the ſame point, 


all of which at different diſtances from the lens;— This 


aberration cauſes an indiſtinneſs even in the principal 
image, but in all others, formed by rays flowing through 


the lens more remote from the axis, the indiſtinctneſs is 


very much increaſed; 

The two forts of aberration above deſcribed are the 
chief impediments to the perfection of teleſcopes, 

The method uſed for obvi ating theſe difficulties will 


appear in the following experiments. 
- , 

An object glaſs may be nd of 
three lerfes, whereof two are double con- 
vex, made of common A incloſing a 
double concave of flint glaſs, ſo that the 
extreme and principal — of n 


formed by it ſhall coincide. 


The concave glaſs being of greater refracting power 
than the other two, will diminiſh the angle of deviation 
of the extreme rays, more than of thoſe which are 
nearer to the axis; the refracted extreme rays will, 
therefore, interſect the axis further from the centre of 


the compound lens, than if it had paſſed through a dou- 
ble convex lens only, of the ſame principal focal length. 


The radii of the lenſes abovementioned may be fo ad- 


juſted, that the ſpace of diffuſion ſhall vaniſh, 


LV. 


The refrating and diſſipating powers of 
the three lenſcs, which conſtitute a com- 


pound 
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pound object glaſs, being given, the radii 
* the 7 — be 10 coſted to each 
other, that the extreme, principal, and the 
intermediate images of objects formed by 
it ſhall be diſtinct and colourleſs. 


It appears from the preceding experiments, that the 

ſame combination of lenſes, not only reduces the ſpace 
of diffufion into an inſenfible quantity, but at the ſame 
time refracts the extreme rays to the geometrical focus 
without ſeparating them into the primary colours, 
whereby the aberration ariſing from the different refran- 
gibility of the rays, as well as from the ſpherical figure 
of the lens, is wholly removed. Object glaſſes, con- 
ſtructed upon theſe principles, have been called per- 
fect lenſes, 
A difficulty has ariſen in the conſtruction of perfect 
lenſes, viz. to determine the power of diffipating the 
homogeneal rays in different refracting ſubſtances, which 
does not obſerve any law of the refracting power, den- 
fity, or of any quantities formed out of them. 


LVL. 

Let a common glaſs priſm, the refract- 
ing angle of which = 30, be applied con- 
tiguous to a priſm of flint glaſs, the re- 
fracting angle of which = 197; let the 
vertices of the priſms be placed in oppoſite 
directions, a ſolar ray being refracted 
through them will deviate from the courſe 
of the incident ray, but will not be ſepa - 
rated into the coloured rays. wo 
In this experiment, the angle of incidence upon the 


firſt ſurface of the common glaſs priſm being = o, the 
angle 


* 


; L iP 1 
angle of refraction at which the ray emerges from the 
flint priſm 169,314, and the angle contained be⸗ 
tween the incident and emergent rays 5. 31 4. 
If a ſolar ray is refracted through the common glaſs 
priſm only, the angle of incidence being = o, the an- 
gle of refraction at which the middle rays emerge 2 
1 48 18; wherefore the angle of t will be 
1 meaſured | by an arc (radius being 1) = 
| cel. 500 48/18 
| 5— Art. XLVIII. 
19 In like manner if a ſolar ray i impinges upon the flint 
43 priſm at an angle of incidence 169.31, it will emerge 
17 | at an angle of refraction = 502 .48' 187, and it is in- 
2:37 ferred from hence that the angle of diſſipation after emer- 
"gence will be meaſured by an are (radius being 1) = = 
| 3 x ſine 1957 
Too col. co .48' 18” x col. 10* 22 .20” 5 5. 


The angles of diſſipation al ove determined differ only 
24, which being imperceptible in experiments, the 
angles are, phyſically ſpeaking, equal. x 

Thus it appears that the two priſms gow equally 
upon the paralleliſm of the homogeneal rays, paſſing 
through them in the directions above deſcribed ; and 
theſe effecis by the poſition of the priſms tending to cor- 
rect each other, the homogengal rays will emerge, after 
being refracted through them, parallel and colourleſs. 
As to determining the powers of diſſipation and re- 
fraction exiſting in different refracting W ths 
tollowiag method ſeems as eligible as any. 

Suppoſe a ſolar ray to paſs through a priſm (the re- 
fe acting and diſſipating powers of which are required) 
impinging perpendicularly upon the firſt ſurface, Let 
tbe angle of diſbpation and the angle of refraction of 
the middle rays be accurately meaſured, and let a = the 
meaſure of the angle of diſſipation, £ = the tangent of 
refrattion (radius ny 1.) The augleof incidence upon 

I ED the 
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the ſecond ſurface being equal to the refraRing angle 
of the priſm, and the angle of refraction being 
— as above, we obtain the ratio of refrac- 
: if this be as 1211, then the meaſure of the difſi- 
= power » = 7 
It is to be remarked that the preceding rules con- 
cerning the angle of diſſipation are mathematically true 
only when — is leſs than any aſſignable quantity; but 


in the practical application of them to ſuch refracting ſub- _ 
ſtances as are commonly uſed in optics (eſpecially when 
the angles of refraction are ſmall) they will not differ 
from the truth wore than a few ſeconds of a degree, the 
effects of which minute error are inſenſible in experiment. 


LVII. 


Coloured ſubſtances reflect the homoge- 
neal rays of light, which are of the ſame 
colour with themſelves, more W 


than the other rays. 

A red ſubſtance held in green rays, if all other light 
be perfectly excluded, appears green, though very 
faintly ; when held in the red rays, it appears of a very 
vivid red, which ſliews that the ſubſtance is of ſuch a 


nature, as to reflect the red rays much more copiouſly 
than the green, 


LVIII. 


Let a circle be divided into ſeven ſec- 
tors, proportional to the ſpaces occupied 
by the colours in the Ages ns ſpectrum, 
= let theſe ſectors be painted with the 

Z 2 pri- 
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primary colours, RN to their proper 


order and proportion; if the cirele be 
turned ſwiftly in its own plane round the 
center, the whole will appear nearly white. 


The artificial colours being leſs pure than the natural, 
the mixture of the ſeven colours in the experiment will 
not produce a perfect whiteneſs, but will approach 
nearer to it, the more care is taken to divide the circle 
in true proportions, and the more nearly the colours 
made uſe of approach thoſe which compoſe a ray of 


folar light, 


The heat produced by collecting the 
rays of the ſun into the principal focus of 
a concave mirror or double convex lens, 1s 
obſerved to be the more intenſe the greater 
the area of the mirror or lens, and the leſs 
that of the focus inte which the rays are 
collected. 


The intenſity of the heat produced by burning mir- 
rors or lenſes, is proportional to the ſquares of their, 
diameters directly, and the ſquares of their principal fo- 
cal lengths inverſely, 

The iotenſity of the ſun's rays, collected into 
the principal focus of a concave mirror, will be the 
fame as in the principal focus of a double convex lens 
of the ſame area, the principal focal length of which is 
one half the radius of the reflector, 


LX. 


| Rays of the ſun, however condenſed, 
communicate no heat to an uniform medi- 


um through which they pals. : 
LXI. 


| 
| 


* LXL 2 
If a ray of light falls upon a glaſs ſphere, 


and emerges after one reflection and two 
refractions; the priſmatic colours will be 


moſt viſible in thoſe emergent rays, which 
are inclined to the incident rays at an angle 
of 17 50. | 

The violet rays will appear moſt copiouſly at the an- 
gle mentioned in the experiment, but the red rays will 
appear when the incident and emergent rays are inclined 
at an angle of about 19* .25': from whence it follows, 
that the breadth of a rainbow, formed by one reflection 
and two refractions through ſpheres of glaſs, would ap- 
pear by obſervation 1, 35 + 32'=2* . 

It may be uſeful to ſubjoin a few notes concerning 


the rainbow. 


1, The firſt rainbow is that which is moſt uſually ſeen 


in the heavens, and is formed by one reflection and two 


refractions of the ſun's rays falling upon drops of rain; 
the ſecond rainbow is formed by the rays falling upon 
drops of rain, and emerging after two refractions and 
two reflections. Theſe bows are never ſeen but when it 
rains and the ſun ſhines at the ſame time, the drops of 
rain and the ſun being, with regard to the fpettator's 
horizon, in oppoſite parts of the heavens. | 

2. The apparent ſemi - diameter of the bow is equal to 


the apparent altitude of the higheſt point of the bow, 


together with the altitude of the ſun's centre above the 
horizon. | 

3. The apparent ſemi-djameter of the firſt rainbow is 
the difference between four times the angle of refraction 
and twice the angle of incidence of thoſe contiguous rays 


-which fall upon the drops of rain, and emerge parallel 


after two refractions and one reflection; this angle, bo- 


longing 


4 gents will be = 


ring to the firſt proportion, 2 


8 . | 
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longing to the red rays, is abaut 42.2; hence no pri- 
mary rainbow can be obferved unleſs the altitude of the 
ſun's centre above the horizon is leſs than 42* . 2. For 
the ſake of brevity, the rays are here conſidered as flow - 
ing from the ſun's centre only. 

4. Contiguous rays, falling upon a refracting globe, 
emerge parallel after two refractions and one reflection, 
when the leaſt increment of the angle of incidence is to 
the contemporary increment of the angle * refraction as. 
"BY 

5. Hence the tangent of incidence is to the tangent 
of refraction as 2: 1, 

6. To find thoſe two angles, the fines of which are 
in the proportion of 4: 3, and tangents as 2: 1, 

Let x and y= the coſines of incidence and refration re- 
ſpectively, then theſquares of their fines will be 1A and 
1—5*, radius bn att and the ſquares of their tan- 


* 
2: wherefore, by the con- 


Lund 


Gitions of rhe prin 
I—a": ly": 2: :16:9 
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and a* == wherefore = af ; and, refer- 


: :1—y*:316:9: 


—4 


multiplying extremes and means, 9 — 4y* =16— 169?, | 
Le — and y = S the coſine of the an- 
| 1 


gle of refraftion; hence we determine the angle of re- 
fraction = 20%. 12.11“, and the angle of incidence 
(deing that the fine of which is to o the fine of 40. 12.11“, 
Wa: as 


1 28 -] 


as 4:3) = go 23' 28” which gives 4 the angle con- 


tained between the incident and emergent * 4 
the ſemi · diameter of the bow = 2 x 4% 12 11 — 8923 


28” = 2100 64“; wherefore, the angle between the 


incident and emergent rays, or the apparent ſemi-dia- 
meter of the bow, TY by the red rays, — 
42* 1' 48'', or about 42® 


In the ſame manner thy apparent ſemi-diameter of the 


rainbow. formed by the violet rays, is found to' be 
about 40 175 „which being ſubtracted from 42? 2%, 
leaves 1 45 for the apparent breadth of the bow, This 
would be the breadth if the ſolar rays flowed from the 
centre of the Sun only ; ; and ſince the apparent diameter 
of the Sun is about 32 , the apparent breadth of the bow 
will be increaſed by 32“, ſo that it will appear by obſer- 
vation = 2* 17', 


The following rules will extend to determine the an- 


gles of incidence and refraction of contiguous homoge- 
neal rays, emerging parallel from refracting ſpheres of 
any kind, the pg of reflections within the ſpheres 
being in general = 


1, The — rays will emerge parallel after =" 


reflections and two refractions, when the leaſt variation 
of the angle of incidence is to the contemporary variation 
of the angle of Nn as 1 ＋ 1:1. 


2. Suppoſe - 1: 1 as 1:7, hence the tangent of 


incidence muſt be to the tangent of refraction as 1:7; 


let the fine of incidence be to the fine of refraction as 
1:5: to find the angles of incidence and refraction, 
call-their cofines x and , and we have from the con- 
ditions of the problem, 
1a: -* : radius being unity, 

= I=x* NF; . 
and . :— :: f: 1, joining theſe ratios, 
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conſequently the fine of incidence = —AX 7 
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2157 1:5 wherefore 12 * SY... | 
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The angle of incidence being determined = I, and 
the angle of refraction = R; let p = 90”, = = the 


number of reflections + 1; then half the angle con- 


tained between the incident rays and thoſe which emerge 
contiguous and parallel will be = a— 2Xp—nR+1; 
which expreſſion anſwers to all values of 1; obſerving 
only that when l as in the primary rainbow, — RI 


| becomes RI, becauſe the rays in this caſe meet on 


the contrary fide of the ſphere. 


ASTRO» 
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ASTRONOMY. 


IJ. ASTRONOMY is a branch of 


natural knowledge, which relates to ap- 
pearances in the heavens and the e 
of them. | . 
II. Plain Aſtronomy is that part of this 
ſcience which deſcribes the phenomena and 
their immediate cauſes only; Phyſical 
Aſtronomy demonſtrates the firſt known 
cauſes of the phenomena. | 
III. A ſpectator viewing the heavens, 
conceives himſelf to be ſituated in the centre 
of a ſphere, upon the concave ſurface of 
which all the heavenly bodies are diſpoſed. 


On this concaye ſurface ſeveral figures are ſuppo- 
ſed to be deſcribed, ſerving only as a means of refer- 
ring to any known ſtar with greater facility: theſe 
figures are called Conſtellations. It appears that it 
is of no conſequence (as far as regards the apparent 
places of the ſtars) of what magnitude this imaginary 
ſphere is, always ſuppoſing the centre of it to coincide 
with the centre of view. Thus, in an artificial celeſ- 
tial globe, the angular poſition of the ſtars is ſuch, 
as, if viewed from the centre of the ſphere, would be 
ſimilar to that which is obſerved in the heavens. 

It comes next in order ta conſider of ſome proper- 
ties of the ſphere immediately relating to Aſtronomy. 


8 IV. 


. " 
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IV. A circle, revolving ny any dia- 
meter as an axis of motion, will generate a 
ſolid figure, which is called a ſphere. 

V. The center of the rating circle 
is the centre of the ſphere; and any right 
line paſſing through the centre, and ter- 
minated by the ſurface of the ſphere, is 


called a diameter. 


VI. Any circle, the plane of which 
paſſes through the centre of the ſphere, di- 
vides it into two equal parts, and is called 
a great circle, being diſtinguiſhed thereby 
from other circles, the planes of 'which 
not ' paſſing through the centre, divide 

he. Ln uncqually, and are called leſſer 
45 | | 
The angular diſtance of two points fituatcd on the 


furface of the ſphere is meaſured by the arc of a great 
ciicle intercepted between them. 


VII. A line drawn from the interſection 


of any two lines in a plane, and perpendt- 


cular to them, is perpendicular to the 


plane itſelf 


Any two lines in a plane which are inclined to 


each other, being parallel to a given plane, the planes 


will be parallel. 2 

Thus if any two lines inclined to each other in a 
plane be horizontal, the plane will be parallel to 
the horizon. 5 | 


VIIT. A diameter of a ſphere, drawn 


perpendicular to the plane of any great cir- 
cle, 
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cle, is called the axis, and the extremi- 
ties of the axis are called uw of the great 
circle. 

1. Every point in the circumference of a great cir- 
cle is go* diſtant from the poles, 

2, Any two great cireles of a ſphere biſect each 
other, becauſe the interſection of their planes is a di- 


ameter common to them both, and every circle is bi- 
ſected by its diameter. 


IX. Great circles paſſing through the 
poles of a great circle are called its ſecon- 
daries. 


Any ſecondary biſects its m_ circle and all the 
leſſer circles parallel to it. 


x. The inclination of two planes to 
each other, is the ſame as the inclination 
of two lines drawn from the ſame point in 
the common interſection of the planes, 
and perpendicular to it. 

XI. The inclination of the planes of 
two great circles to each other, is mea- 
ſured by the arc of a ſecondary common 
to them both, and intercepted between the 
planes. 

XII. The planes of ſecondaries are per- 
pendicular to the planes of their great 
circles, becauſe the inclination of a ſecon- 
dary to its great circle is meaſured by a 
quadrant. 

XIII. The inclination of the circumfe- 
rences of two great circles is called a ſpheri- 

Aa2 - = 
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cal angle, and is the ſame as the inclination 
of the planes of the cireles. 
The meaſure of a ſpherical angle is, therefore, an 


arc of a ſecondary, common to both circles, and in- 
tercepted between them. 


XIV. Three arcs of a great circle, 1 nei- 
ther being greater than 180% compoſe 
a bertel triangle, in which there are 
fix quantities, viz. three ſides and three 
angles, any three .of which being given, 
the reſt may be determined by the rules 
in Trigonometry. | 

As the angular poſition of objects ſeen from a given 
point, and fituated in the ſame plane, is meaſured 
upon the circumference of a circle of any intermedi- 


ate radius, the centre of which coincides with the 
centre of view; in like manner the angular poſition 


of objects ſituated in different planes is eſtimated, by 


referring them to the ſurface of a ſphere, the centre 

of which coincides with the centre of view, 
In what manner the properties of the ſphere, above 
deſcribed, are applied to'the determination of the an- 
gulat poſition and motion of the heavenly bodies, will 
be next conſidered. 


| CONCERNING THE APPARENT PLACE AND 
MOTION OF THE HEAVENLY BODIES, 


I. All the ſtars appear to revolve daily 


in the heavens, deſcribing circles the 


planes 


4 . 
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planes of which are parallel to each 
other. | | | 
II. Among the circles defcribed by the | 
heavenly bodies in their diurnal revolu- ; 
tion, there is one only, the plane of 
which paſſes through the ſpectator's cen- 
tre of view; this circle is called the 
caquator. 1 ; 
The eye of the obſerver is ſuppoſed to be coincj- 
dent with the centre of the ſphere, upon the concave 
Aarface of which all the heavenly bodies are diſpoſed ; 


the equator therefore muſt be a great circle of the 
ä 

All other circles deſeribed by ſtars ſituated out of 
the equator, are leſſer circles of the ſphere. parallel 
to the equator, and are called parallels of declina- 
10. , 


III. If, one extremity of a line continuing 
fixed, the other be always directed to a2 
Rar revolving in a leffer circle, the line 
will by its motion deſcribe the ſurface 
-of a cone, the vertex of which coincides - 
with the fixed extremity of the line f 
abovementioned, and the circumference | 
of the baſe with the leſſer circle, which 
the ſtar deſcribes parallel to the equator. 
IV. Two points taken go? from the 
- equator, are called the poles of the equa- 
tor, or poles of the world. | 
V. Secondaries to the equator are cal- 
led circles of declination ; of theſe, 24 
which 
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| which divide the equator into equal prrts, 
containing 15 each, are called Hour cir- 
cles. 

VI. The declination af: a ſtar is its an- 
gular diſtance from the equator ; meaſured 


on a circle of declination paſſing through 
the ſtar. _ 


Thus, in the middle of ſummer, the ſun's declina- 
tion is 23” .28' north; when the ſun is in the on; 
His declination is o. 

VII. Stars appear to move with the leaſt : 
velocity which are the moſt remote from 
the equator, where the velocity of their 
apparent motion is the greateſt. 


The apparent velocity of a ſtar in its diurnal revolu- 
tion is as the coſine of declination, 


VIII. The Sun and ſome particular 
ſtars, hereafter to be mentioned, are ob- 
ſerved to change their places among the 
fixed ſtars, and to perform their revolu- 
tions in various periodic times. 


The fixed ſtars always preſerve the ſame angular 
diſtances from each other, whereby they are diſtin- 
guiſhed from the Sun and planets, which continually 
change their places both with regard to each other 
and the fixed ſtars. | 

The proper motions which have been diſcovered in 
the ſtars, Arcturus, Capella, and lome others, are not 
here conſidered, 


IX. The 
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IX. The Sun compleats his revolution 
among the fixed ſtars in 365 days, 6 
hours, and about 9 minutes, deſcribin 
a great circle in the heavens, called the 
ecliptic. 

X. The ecliptic is obſerved to be incli- 
ned to the equator at an angle of about 
23 28', 

The ecliptic and equator, being great circles, bi- | 
ſect each other; wherefore the points of interſection 


muſt be 180 degrees diſtant; theſe are called the 
equinoctial points, for reafons hereafter to be given, 


XI. The ecliptic is divided into twelve 
portions, called ſigns, each containing 
30 degrees; the firſt point of Aries co- 
incides with one of the equinoctial 
points, and the firſt of Libra with the 
other. 


The twelve figns are as follow : | 
Aries, Taurus, Gemini, Cancer, Leo, Virgo, 


BY. 8 11 D * m 
Libra, Scorpio, Sagittarius, Capricornus, Aquarius, _ 
8 7 * = 
Piſces, "FOR 

* 


The apparent motion of bodies in the ſame direction 
with that of the Sun among the fixed ſtars, is called motus 
in conſequentia; and the motion in the contrary direc- 
tion, motus in antecedentia. 


XII. The right aſcenſion of a ſtar is 


meaſured by an arc of the equator, inter- 


cepted between the firſt point of Aries, 
I | | and 
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and a cirele of declination paſſing through 
the ſtar, reckoning according to the order 
of the ſigns. | | 
Thus in the middle of ſummer the Sun's right aſcen- 
ſion is go degrees. 2 8 
XIII. The longitude of a ſtar is mea- 
ſured by an arc of the ecliptic, intercepted 
between the firſt point of Aries, and a ſe- 
condary to the ecliptic paſſing through 
the ſtar, reckoning according to the order 
of the ſigns. LE 
Thus, in the middle of ſummer, the Sun's longitude 
is go?; when the Sun enters Libra, the longitude is 
1805. | | | N 
XIV. The latitude of a ſtar is its angu- 


lar diſtance from the ecliptic, meaſured 


=. on a ſecondary to the ecliptic paſſing 
if through the ſtar. | 
| I be latitude of the Sun is therefore nothing. 


XV. A ſecondary, common to the eclipe 
tic and the equator, is called the ſolſti- 
tial colure: a ſecondary to the equator, 
paſſing through the equinoctial points, is 
called the equinoCtial colure. 


The inclination of the ecliptic to the - equator is 
| therefore meaſured by an are of the ſtolſtitial colure 
| 3 ; intercepted between them, .and this arc will be the mea- 
It ture ot the Sun's greateſt declination = 23® 28”, 


XVI, 


— 
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XVI. The horizon is a great circle in 
the heavens, the plane of which is perpen- 
dicular to a plumb line hanging freely and 
at reſt. | | 

It is evident that the horizon with all the circles 
depending on it are moveable; every different ſpecta- 
tor having a different horizon. 


The pole of the horizon above us is called the 
| Zenith, the other pole the Nadir. 


XVII. Secondaries to the horizon are 
called vertical circles. N 
The altitude of a ſtar is meaſured by the are of a 
vertical circle, intercepted between the ſtar and the 
horizon; the complement of the altitude to 90 is the 
ſtar's zenith uiſtapce. 

XVIII. A ſecondary, common to the 
equator and the horizon, is called the me- 
ridian; the meridian, therefore, paſſes 
through the pole of the equator and the 


zenith. 


The meridian is à vertical circle, and the inclina- 


tion of the equator to the horizon is meaſured by an are 


of the meridian intercepted between them. 


XIX. The azimuth of a ſtar is meaſured 
by an arc of the horizon, intercepted be- 
tween the meridian and a vertical circle 
which paſſes through the ſtar. 

XX. A vertical circle, which cuts the 
meridian at right angles, is called the 
prime vertical. | 
B b The 
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The interſections of the meridian and prime verti- 


cal with the horizon ate called the Cardinal points; 


or the north, eaſt, weſt, and ſouth; the whole hort. 
zon being divided into 32 equal parts, each ö 1 
15”, forms the mariner's compaſs. 


XXI. The diurnal apparent motion of 
the ſtars is from eaſt to welt. 


When a ftar is ſaid to move apparently from caſt 
to weſt, it is meant that a vertical circle always paſſ- 
ing through the ſtar continually changes its azimuth, 
leaving the eaſtward and approaching the weſtward 
parts of the horizon. 


XXII. The direction in which the ſun 
moves in the ecliptic, among the fixed. 
ſtars, 1s contrary to that of his apparent 


diurnal motion. The direction of the 


planct's motion among the fixed ſtars is 
moſt frequently obſerved to be in conſe- 
quentia, but ſometimes in antecedentia: the 
plancts are alſo obſerved at times to be ſta- 


| tionary. 


XXIII. An arc of the meridian, inter- 


cepted between the zenitli and the equator, 


is called the latitude of the place. 


XXIV. An arc of the equator, inter- 
cepted between the meridians of two places, 
is called the difference of their longitude ; 
or, it the Jongitude of one of them be 
referred to the meridian of the other, 


the arc above deſcribed is called the lon- 


Thus 
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Thus if the 1 of Rome be referred to the 
meridian" of London it is 94 eaſt, 

When the centre of the Sun is upon the = Wy 
of any place, it is there faid to be noon- day; which 
therefore will be at diflerent times at different places ; 
and fince the time elapſed between the Sun's leaving 
and returning to the ſame meridian is 24 hours, du- 
ring which à circle of declination paſſing through the 
Sun's centre will have deſcribed 360?, eſtimated, on 
the equator z it follows that in one hour it will have 
deſcribed 150 in one minute of time, 15“; and in one 
ſecond of time, 16“ of a degree, &c; . 


XXV. The tropics. are two — T] 


of declination, the diſtance of which from 
the equator is equal to * Sun's 98 
declination. 

The diſtance of the tropics from the equator is there · 
fore = 33% IT", ...._." 

XXVI. The arctic and AHkenkfic circles 


are two parallels of declination, the diſ- 
tance of which from the poles is equal-to 


the diſtance of the FOPIFR. Nom the equa- 


tor. 
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The arctic circle is 239, 28. from the north pole, and 
the antarRic at the ſame diſtance from the ſouth pole, 


XXVII. The apparent time of day is 
meaſured by the angle contained between 


the meridian of the place and a circle of 


declination paſſing through the Sun's cen- 
tre, allowing one hour for 157, and pro- 
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Fanal, for minutes and ſeconds of a 


car ce. 


Table J. in the appendix contains the degrees of 
te . expreſſed in time at the rate of RP for 
ry Co 

In Table II. hours, minutes and feconds are ; bus 
ge in terms of degrees, minutes and ſeconds of 

e equator ; by theſe tables any angular motion of 4 
circle of declination may be converted into time, and 
any given time may be converted into n 
angle at the pole or are of the equator. 


Thus let it be required to convert 83 9.33 8 
into _ „ert, to JG I, we bebe, 
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0 ou convert gb 34% FRE 5 into POS of the equar 
tot by referring to Table II. we haye, ee 
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ON Nu? APPEARANCES WHICH DEPEND ON THE - 


| CIRCLES OF THE HEAVENS, AND THE POSITION 
OF THE OBSERVER 18 RESPEC or TRIM. - £6 
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1. bi: a given latitude no ſtar, th po- 


lar diſtance of which. is leſs than the lati- 
| tude of the place, will deſcend below the 


horizon, 

II. In latitudes leſs than about 66 32/, 
the Sun's centre can never be wholly 
above the horizon” "A twenty-four 
hours. | 
III. When the Sun's dbclinitidn is 
. er than the diſtance of the zenith 

the pole, the Sun's centre will not 
ſet below the horizon, or will not riſe 
above it, according as the declination is 
of the ſame, or of a ——_— denomina- 
tion to the latitude. 

In this and the preceding article the effects of re · 
fraction are not conſidered. 

IV. If an obſerver be ſituated under the 
equator, the plane of his horizon is per- 
pendicular to the plane of the equator, 
and parallels of declination. 


If an obſerver be ſituated under the equator, tho 
plane of his horizon is perpendicular to the plane of the 
7 and parallels of declination. 

The ſphere of the heavens in this pofition in re- 
ſpect of the obſerver's horizon is called a right 


ſphere, 
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| ſphere, the equator and all the parallels of declina- - 
tion are biſected by the horizon, therefore the times 
of ring ang ſetting of any ſtar divide the time of the 


jurnal revolution into equal parts. 
The poles of the _— coineide with the barizon 


in a right ſphere. | ' 


V. 1 an obſerver is fituated at either 
pole, his horizon is coineident with the 
- equator,' and the parallels of declination 
afe parallels to the horizon. | 

The ſphere of the hepvens in this poſition, reſpec- 


ting the obſerver's horizon. is called a parallel fphere. 
The Sun, when above the horizon, appears to revolve 


in a leſſer eiche, parallel to the horizon, znd at an 
altitude above it equal to his declination. 
Vl. In all other poſitions: of the ſphere 
of the heavens, except thoſe defcnbed, 
the horizon is inclined to the equator 
and its parallels at fome angle leſs than 
go®: in this caſe, the poſition of the 
iphere is ſaid to be oblique. 

If a tangent be drawn to the furfaces of the Sun 


.zod Earth, in the {amp plane with a line joining their 
centres, a circle deſcribed through the point of con- 
tact at the Earth's ſurface, the plane of it beipg perpen- 
dicular to the abovementioned line, will be the circle 
hich terminates light and darkveſs. 

- The plane of this circle nearly, though not exadtly, 
paſſes through the Earth's centre: it may be conſifered 
2s a great circle without creating ſenfible error. 


VII. When the Sun is in either of the 


equinoctial points, the carcle bounding 
light and darkneſs COMICINES with the 


poles 
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poles of the world, and conſequently bi- 
ſects all the parallels to. the equator. 
Hence it follows, that when the Sun is in either 


of the equinoQtial points, the days and nights in all 
parts of the world will be equal. 


VIII. When the Sun's declination is 
north, the- circle terminating light and 
darkneſs divides the northern parallels of 
latitude unequally, thoſe parts bang the 


| greateſt Wn lie within the ſaid cir- 
cle. 


Hence the ,days will be longer than the nights to 


the inhabitants of the northern parallel; of latitude, 


when the Sun's declination 1s north, 


IX. When the Sun's declination is ſouth, 
the circle terminating light and darknefs 
divides the northern parallels of latitude 
unequally, that part of them being the 
greateſt, which lies without the circle of 
illumination. 1 1 
For this reaſon the nights are longer than the days, 


to the inhabitants of the northern ile, when the 
Sun is ſouth of the equator. 5 | 


X. When the Sun's Fe WR TP 1s 
greater than the complement of latitude 
to go?, the parallel of latitude - paſſing 
through the place, will fall either en- 
tirely within or entirely without the eir⸗ 
cle of illumination. 
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- The, Sut('s rentre will therefore appear to he en- 
| tirely above or below the horizon to the inhabitants 
of that parallel, according as the declination is of 


the ſame, or. of a contrary en to the lati- 
tude of the place. : 


* 


CONCERNING THE MENSURATION 
OF ANGLES. bby > 


I. If two objects appear coincident with 


the extremities of a circular arc, to the 


eye of a ſpectator, ſituated at the centre 
of the circle, that arc will meaſure the 
obſerved angle ſubtended by the objects. 

1. Let a repreſent any ard, A“ the angle fubtended- 
by it, p a right angle, c the circumference, and r the 
radius of the circle; we have the following propor- 
tion : 


A*:4þ:: a: 1 6 wherefore A = 
fince 4p is the ſame in all circles, A® will be propor- 
tional to Sor =; that is, the angle will be as the 


8 Dc; and 


arc directly, and the radius of the circle inverſely. 

2. Into whatever number of equal parts the cir- 
cumference of a circle is divided, a right angle wilt 
be meaſured by 4 of them; wherefore, if the circum- 
ference be divided into g60 equal parts or degrees, a 


right angle will be ſubtended by go 


3. The arcs which mea forall angles are near- 


© ly equal to their knes, chords or tangents, the radius 
- Nit of 


** 
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of the circle being given: {ſmall angles will therefore 
be nearly proportional to their fines, cc. in the 
ſame circle, and in different circles will be as their 
lines directly, and the radii of the circles inverſely, 

4. Small angles ſubtended by a given rectilineal 
object, which is perpendicular to the axis of viſion, will 
be greater in the ſame proportion as the diſtances of the 
obſerver are leſs. 

„ Let BY = 55" .r9" 45, or 10265 (being the 
angle which is ſubtended by an arc = radius).— 


Since it appeared by note 1, that A“ = —.— and 


I 


by che . of the circle 4 L= == —, it follows 


2 


chat A == — * B?. Hence a = 1 * r. 


By the Salto rules any two of theſe quantities, | 
viz. a circular arc, the angle ſubtended by it, and 
the radius of the circle being known, the other may be 
determined. 

The tables III. and IV. in the appendix will faci- 
litate the eſtimation of ares in terms of the radius 
and vice verſa: thus to find what angle is ſubtended by 
an arc = 1e of an inch to a radius of 3 inches: 


here As = 5 and from table III. 7 = 14438: 


dividing by 3 becauſe r = 3. we have the angle re- 
quired = 4812/83 1. 29(. 12.83, 

To find the length of an arc which ſubtends an 
angle of 7 or 420” to a radius = 3 inches. Here 
from table IV. | 

200-2 0193.92 5 
ad: = 9.696 


420 = (00203. ba 1 this quantity being mul. 


r 


— 


Cc tiplied 
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tiplied into the radius r=3 will give the length of 
a = the arc required g. oo6 10.863 parts of an inch, 

Suppoſe it were required to afſign the length of an 
arc = 1“ on a great circle of the earth, the earth's 
radius being aſſumed equal to 3970 miles or 6987 200 
yards: here from table IV. we have 1'' = 00000.48481 
and which being multiplied into 6987200 will give the 
length required = 34 yards nearly. 

The arcs of quadrants and ſeftors uſed. for the 
menſuration of angles are divided into degrees, &. 
and in inſtruments of a very large radius the diviſions 
are extended (by means of a nonius hereafter deſcri- 
bed) to ſeconds of a degree, —An index of equal 
curvature with the arc is applied to the extremity of a 
moveable radius, by means of which, the angle ſubten- 
ded by the objects is determined. 

To the moveable radius abovementioned, a teleſ- 
cope is applied, having a fixed point marked in the 
centre of the field; a line joining this point and the 
centre of the object glaſs is called the line of colli- 
mation: this line determines the direction in which 
an obſervation is made, 


II. An obſerved angle will err from the 
truth, if the line of collimation be in- 
clined to the plane of the quadrant 
with which the obſervation 1s taken. 


Suppoſe the quadrant to be fixed in any given 
plane; the line of the collimation may be conſidered 
as a radius of a ſphere, a great circle of which coin- 
cides with the arc of the quadrant. 

If the line of collimation be inclined to the plane 
of the quadrant, it will, during the motion of the 
index, be continually directed to a leſſer circle of 
the ſphere, and therefore cannot determine the angu- 
lar diſtance of objects, which is always meaſured upon 
'a great circle, | 

Bolt It 
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It is ſuppoſed that every part of the graduated are, 
and the index contiguous to it, lies in the ſame plane, 
which is called the plane of the quadrant, and is 
perpendicular to the axis of motion upon which the 
quadrant or the index applied to it, moves. 


III. The plane of a quadrant being ver- 
tical, if one of the radii containing the 
right angle be horizontal, the other will 
be perpendicular to the horizon: an 
intermediate radius being directed to 
a ſtar, will divide the quadrant into any 
two arcs, one of which meaſures the 
zenith diſtance, and the other the ſtars 
altitude above the horizon. 


Although the plane of the quadrant be vertical 
and coincident with that in which the line cf collima- 
tion moves, yet the following errors may cauſe a 
difference between the true and obſerved altitudes. 

1. If the line of collimation be not horizontal when 
the index points to o (or go?), 

2. If the diviſions of the quadrant are inaccurate, 
3+ If the diviſion pointed to by the index be read 
erroneouſly, | 

The direction of theſe errors coinciding with the 
plane of the quadrant ſhould be conſidered together. 
The firſt circumſtance which occurs is, that they do 
not neceſſarily combine to increaſe or diminiſh the 
obſerved altitude; but it may happen that their effects 
being contrary, ſhall correct, or even deſtroy each 
other, : 

In order to form an eſtimate of the error which 
will probably ariſe on this account, let us ſuppoſe, 
firſt that the divifion of the quadrant is mathemati- 
cally exact; and that the adjuſtment of the line of 

Ce 2 colli- 
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collimation to the point o, and the reading off can 


be depended upon to 4”, but that the error may be 


of any magnitude leſs than . . —It is an even pro- 
b.bility which of the ſeconds between 4-d and - 4“ 
is equal to the error on each account; the ſum of 


the two errors may = be 24”, K 24=1”, + 21 —2, 


&c. of which combinations there are 44% among 


_ theſe there are 24*, and no more, each of which exe 


bo © | 

Aa (4 being a very large number) from 
t + Va 
whence it is concluded that the probable error, or 


that which is an even chance the error” of the obſer- 
* 177 


ceeds | 


vation does. not exceed = —=—. = near- 
11 V2 29 
- x | 17 * 60" 
lv. If 4” =60” the probable error = = 
29 


about 38“. {gs 

It appears likewiſe that if the error in the divifion of 
the quadrant be taken into conſideration with the other 
two, and the limit of it be of equal magnitude with the 


former viz, 4, the error of an obſervation compounded 


of the three errors above deſ:ribed, may be either = 
—, — „ 3 8 

id”, za - 1“, + 34 2 „ &c, of which combinations 

there are 843; among theſe there are 443 and no more, each 


of which exceeds 55 (d being a very large number) 
41 a : 


from whence it is inferred, that the probable error upon 


/ 
the whole = 15 If = 607; the probable error 


= 42” nearly, 

IV. Although an aſtranomical quadrant 
be free from all the errors above deſcribed, 
if the plane of it ſhould be inclined to that 

3 | of 
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of the vertical circle in which an obſerved 
ſtar is ſituated, the altitude deduced from 
obſervation will be eau than the true 


altitude. 


Let the deviation of the quadrant's plane from that of 
the vertical circle be an angle (incomparably ſmaller 
than the altitude) the verſed fine which =z, and let the 
ſine of the obſerved altirude =, the coſine c, radius 
=r, Meg 57177. 450: then the difference of the ob- 
ſerved and true altitudes, ariſing from the inelination of 
the quadrant to the vertical circle, =«u xc M?®, 

Cor. I. The deviation of the quadrant being given, 
the error x M* will be the greateſt when the altitude 
=45?, becauſe the product of the fine and coſine of 
45 is greater than the product of the ſine and coſine 
of any other angle. 

Cor. II. If the altitude he the ſame, the error in ob- 
ſerving it will be in a duplicate ratio of the deviation af 
the quadrant's plane from the vertical, becauſe the ver- 
ſed fines of arcs are in a duplicate ratio of the arcs them- 
ſelves, when they are diminiſhed fire limite. 

The obſerved altitude being a ſmall angle , the 
condition of the propoſition is altered when the error 
of the quadrant bears a conſiderable proportion to 4. 
If a repreſents the verſed ſine of the quadrant's error as 
before, the error in altitude will now g. 


V. If the line of collimation be inclined 
to the plane of a quadrant otherwiſe accu- 
rately adjuſted, the altitude of a ſtar de- 
duced from an obſervation taken by it will 
be greater than the true altitude. 


If the inclination of the line of collimation to the 
plane of the quadrant be an angle (incomparably ſmaller 
than the zenith diſtance) the verſed tine of which 


1 
| 
® 
s 7 


— 
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Su, let T = the tangent of the obſerved altitude, 
M*=575%.17'.45”; the difference between the true and 


obſerved altitudes TN M. = 
Cor. I. The altitude being given, the error in obſer- 
ving it will be in a duplicate ratio of the error of the 


line of collimation, - 


Cor. II. The error of the line of collimation being 


given, the difference between the obſerved and true 


altitudes will be as the tangent of the altitude, | 
When the obſerved zenith diſtance is ſo ſmall that the 

error of the line of collimation bears a conſiderable pro- 
portion to it, let e= theerror of the line of collimation, 
d= the ſmall zenith diſtance, deduced from obſervation : 


the error in altitude now becomes = 14 


VI. Suppoſe a great circle to paſs 
through a ſtar, and to interſe& the hori- 
zon at any angle; if this angle and the 
arc of the great circle intercepted between 
the ſtar and the horizon be taken by obſer- 


vation, the ſtar's altitude above the hori- 


zon will be determined. 
This indirect method of meaſuring the altitudes of 


ob jecis is attended with conſiderable advantages. 


0 2 

Let 8 repreſent the place of a ſtar, SQ the arc of a 
vertical circle paſſing throngh the ſtar, OQ_an are ot 
the horizon, SO the arc of a great circle paſſing through 
the ſtar and interſecting the horizon in the angle SOQ : 
h according 
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according to the method deicribed in the article, the arc 
OS and the angle SOQ are obſerved in order to deter- 
mine the altitude SQ_; It appears from eſtimating the 
variations in the parts of the triangle SOQ that an er- 
ror = 4" in meaſuring the arc OS will produce an 


Wx tang.SQ_. 
—=o> in the arc SQ deduced from 


a values of SO and SOQ, It appears alſo that an 
r d in the angle SOQ_will produce an error => 


elbe! 802. 
tang. O 


V tang. 80. dx tang.SQ_ 
E tang, OS tang, O 


It is plain that to meaſure a given altitude SQ_any 
different values of SOQ or OS may be aſſumed; it be- 
comes therefore a ſubje& of enquiry, having given the 
arc SQ, what muſt be the value of SOQor SO, ſo that 
the ſum of the errors which affect SQ may be the leaſt 
poſſible. The inveſtigation need not be here inſerted, 
but the reſult is this. 4 being a conſtant quantity 
4X /" X tang. SQ. 4" x tang. — 

—ang, OS tang. G 50 is a minimum 


when the fine of the angle SOQ_is a mean proportional 
between the fine of SQ_ and radius; provided the 
arc 8 Q is leſs than 30% but when SQ ex- 
ceeds 30 the error juſt mentioned becomes a max- 
imum. Let the fine of SQ = 5, radius r. Then 


whatever be the value of SQ the quantity 5Q = — 20” x 


error = 


z conſequently the ſum of theſe errors in 


WH 5 on a ſuppoſition that the two variations of 
r+5 
SOQ_and 80 both combine in their effects to increaſes 
or to diminiſh the value of SQ_; but ſince they may 
with equal probability tend to correct or even deſtroy 
each other, from the principle contained in Art, III. 
it may be collected that it is an even chance that the 
error 


[ 200 + 


| | 4 — — 77 
error does not exceed . yok =_ 3 


XR VE — - nearly whereas the probable error 


_ ariſing in Hs direct menſuration of the vertical are $SQ_ 


bs . / 
= < which is always yreater than the: X 2 
2 . 29 rods 
whatever be the value of SQ: but in determining the 
ſmaller altitudes by the indirect method, the probable 
error will be reduced within very narrow limits; for 
example, in meaſuring an altitude of 1*; if the obſerva- 


tions of OS and SOQ are liable to an error which 
may ariſe to but not to exceed 60 the probable error 


17 X 60” 
— X 
29 


1 * - = 4.6, whereas the probable error in | 


1 * ſine 1 


meaſuring the ſame altitude directly would be 30“. 

The equatorial inſtrument which has an azimuth cir- 
ele may be very eaſily applied to this method of obſer- 
vation. 


VII. If any line conſiſts of BOP 
parts, each of which is = p, and it is 
required to ſubdivide each of the divi- 
ſions p into # equal parts, let a no- 
nius STI, or - 1 parts each = þ be 
aſſumed, and divide the nonius into 2 
equal parts: applying it to the {pace 
r x ſo that the extremities may coin- 


cide, it will ale that the diſtance be- 
| tween 


in the altitude deduced will be who 


| 201 } 
bo böhellede: will te 2, 2, the diane 


between the two next, 2. a the Aa 


0 O. 


between the two next, 2, 1 o on ell 


= A Uhancs between Pr two laſt = Ir 
c f | | 


| Suppoſe the arc of a aki were ſuch as could be di- 
vided conveniently iato arcs each equal to the þ part ofa 
degree or 7'30'': to conſtruct a nonius which ſhall expreſs 
arcs to every 300% here becauſe 30 is contained 15 times 
7 30“, it will follow that »=1g, wherefore the length 
| -of the nonius muſt be either 16 XK 7 30“ = 2%, or 
14 * 7 30 2 145˙; either of theſe being aſſumed for 
the length of the nonius, if it be divided into 15 equal 
parte, and its extremities are applied contiguous to any 
to correſponding diviſions on the arc, the diſtance be- 
tween the two firſt diviſions from coincidence will be 30 30 
between the two next 60 &c. 
The nonius applied to aſtronomical and other 5 
ments is conſtructed upon theſe principles. 
By means of this contrivance, angles are obſerved to 

an accuracy, much beyond what could be effected by 
actual diviſion of the quadrant. 


If ſeveral obſervations be taken in order to determine 


the angle ſubtended between two objects, the reſults of 
theſe obſervations will probably differ ſomething from 
each ather: It is uſual in this caſe to add the reſults to- 

gether, and to divide the ſum by the number of them: 
the quotient is called the mean of the whole, 2 avery 
D d thiag 
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truth, the greater number of obſervations are taken, 
from which the mean is derived. Thus, if 5, g, and 
be the reſults of three Seck aliens, thi mean of the 


three will be 2 / a4 


= 


* 
o 3 * . ww 
# #/ 3 4.4 


VIII. The angle ſubtended by two ob- 


jects obſerved with a Hadley's quadrant is 
double to the angle at which the refle&- 


ing planes are inclined to each other at the 
» . . | $ C a } | 


time of obſervation. 


The line of collimation ſhould be parallel, and 
the reflecting planes perpendicular to the plane of mo- 


tionz if they deviate from theſe poſitions, by a ſmall angle, 


the errors in the obſerved angle may be eſtimated thus: 
Let v be the verſed fine of the angle, at which the 
line of collimation is inclined to the plane of motion: 


To eſtimate the error arifing from the deviation of 
the reflecting planes from the perpendicular to the 
plane of motion, let the verſed ſine of that deviation be 
v, let = = the ſine of the angle of incidence at the 
fixed ſpeculum ; then p being the fine of 4 of the an- 
gle meaſured, the error of the obſerved angle will be 
meaſured by an arc = Iv 


2 + fn amp x/1 a? xv/1p" ; 


| vip Ri 751 Hf 

IX. The apparent altitudes of all the 
heavenly bodies are increaſed by refraction, 
except when they are ſituated in the ze- 
_— Re 


An 
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"Ab obſerved altitude of any ſtar or other object in 
the heavens muſt be dirniniſhed by 'a ſmall angle taken 
from a table of 'refraQivhs calculated for the Uifferent 
altitudes above the horizon. A table of thi is Kind is 
inſerted in the Appetidix, Nenn 

Tbe obſervation of x ſtar's altitude implies the pre; 
vious determinition' of the horizon. This is effected 
two Ways, 1. by n pluinb” line hinginng freely and at 
reſt; 'a plane petpendicular ts this line will be hori- 
rontal, 2. By the level. © 

If a ſtat is obſerved by reflexion from an Nas 
poliſhed ſurface, half the angle ſubtended by the image - 
aud oje will be qui? to the ſtar's altitude above the 


Nas the altitude'sf the Sun's s celitie, two methods 
are uſed : 1. By obſerving the altitudes of the higheſt 
aud loweſt points, of the diſk, . the ſum will be the 
altitude of the Sun's centre. By obſerving either the 
higheſt or loweſt point only, 4 ubtraQting or adding 
the Sun's ſemi-diameter correſponding to the time of 
obſervation taken "ak an ephemeris 1 in which it is 12 
viouſly calculated, | 
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= LIC equal ales apt fixed — are 
takes during its apparent diurnal revolu- 
tion, the time elapſed between the ' obſer- 
vations being, biſected will give che inſtant 
of the ſtar's meridian tranſit. & len 


To obſerve ſtars when they are Arete an in- 
ſtrument is made uſe of called a tranſit teleſcope, which 
A | is 


' 


©; 
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is ſo adjuſted, that, while it turns, upon 2 fixed and, 


the line of collimation ſhall deſcribe . the, plane of the 
meridian: to effect this, the line; of collimation muſt be 
firſt adjuſted icular to the axis upon which; it 
turns: the axis muſt they be-placed horizontal, ſa that 
the line of eollimation, being turned round it, may de- 


ſcribe a vertical circle; the axis continuing horizontal, 


the inſtrument 3 18 then to be adjuſted to the plane of the 
meridian i in the manner deſcribed in the article. If, the 
inſtant of the ſtar's tranſit does not biſe& the time elapſed 
between the obſervations, the poſition of the weft 
muſt be corrected. | 
The meridian may alſo be determined, by . — the 
azimuths of any fixed ſtar when the altitudes are equal 3 
the difference of the azimuths Wal es n. give 
the place of the meridian. Ani 1 0 


II. The time between two | üben 


tranſits of the ſame fixed ſtar over the ne 
meridian is called a ſidereal day. 


Any equable motion may be aſſumed as a meaſure of 

time : but, ſtrictly ſpeaking, no ſuch motion is known, ex- 
cept that of the angular revolution of the earth round its 
axis. Motions called equable, in a practical ſenſe, whichare 
conſtructed for the meaſurement of time, are liable to im- 
perfections and irregularities, and are all either imme - 
diately or remotely coxrected by the angular motion of the 
Earth round its axis, or, which is the ſame, by the appa- 
rent diurna] rexolutians of the fixed ſtars. 
The fidereal day may be divided into any number of 
equa) parts 3 it is uſually divided into 24 hours, each 
hour into 60 minutes, and each minute into 60 ſes 
condg ; conſequently, a fixed ſtar- will deſcribe an arc 
referred to the equator equal to 15” in ong of Ar 3 
real hours, 15 in a minute, %“ (© - 


III. If the time elapſed between the tran- 
fits of two ftars over the meridian be ob- 
. ſerved, 
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ferved; the an difference of their ri 
aſoenſtons — from the 24855 
ing proportion: : as the time of a ſidereal 
day is to the time elapſed between the tran- 
ſits, ſo 1s 360² to the 25 difference of 
right aſcenſion- = 


By obſerving the Sun's tranſits « over the copies * 
motion in right aſcenſion is obtained. 


IV. Having given the time of a ſears 
tranſit over the meridian, and the times of 
its paſſing over two vertical circles at given 

azimuth) diſtances from the meridian, to 

termine the latitude. 0 


The difference of the times ec the ſtar's tranſit" 
the meridian and over the other verticals, will ol ore 
angles contained between the meridian and the circle 
of declination paſſing through the ſtar, by this prapory 
tion : as a fidereal day is to the time elapſed between 
the tranſit over the meridian and the vertical circle, ſo 
is 360 to the angle contained between the meridian and 
circle of declination paſſing through the fiar, or, as it 
way" be termed, the angle at the pole. 

Let the fmalleſt angle at the pole be Ejtorrepoatieg 
to the firſt obſervation ; the ſtar's azimuth obſerved: as 
the ſame time =P: let the larger angle at the pole be E, 
the azimuth of the ſtar correſponding; = * m. ns 
fine of the latitude of the place = a 
Cotang. Qx ſine F cotang. PX fine ER ern 
Seer r e e 

Thus, ſuppoſe a ſtar was obſerved to paſs two ver- 
Fel circles at 3% and 437 azimuth diſtances from 

meridian, the times of obſervation from the 
meridian tranfit of the ſtar being 1b 32 and 
30 3am, eſtimated by fidereal time 1 
„ con- 
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g the zwen times into degrees we have, from 


Ny ern » E=23),. F255 3 2 
843% „and te ne of the latitude required 24 on 2 
e 43*X fine 53* —cotang. 3 5 x fine _—_— 

By oline 23*=coline 539. 


 $564316—«5792858 _ 5 b 2 
= 5563040601575 = ts of 60 , the lack: 


tude required. : 1% 2 
Other methods of finding the hade "Y a plate are 
re eligible, and eaſy than, that which has juſt de- 
cribed : but they require the revious k wledge of the 
effe&ts produced by (refraftion i elevating objects above 
mne ir true places, 1 ſchich the determination of the la- 


| titude, from the obſervation of two ,Azithuchs, and hy 


times correſponding is wholly independent, 8 


V. The meridian and latitude of a plies | 
being known, the refraction i in altitude of 
a ſtar when at any given diſtance from the 
horizon may be determined. 


Hi!. 


Let the ſtar's apparent altitiade ad n with the | 


| ho from the meridian correſponding be obſerved :- The 


complement of latitude, the angle at the pole, and = 


- azimuth, are three parts of a ſpherical, triangle, from 


which the third ſide may be found; the ſolution 
of the triangle will give the true zenith diſtance, aud 
true altitude of the ſtar at the time of obſervation, which 
being ſubtracted from the apparent altitude, the «diffe- 
rence will be the refraction in altitudſCGgee . 
Having given tables of refraction, the apparent alti- 
tudes of 8 * cor rected to * the true * 


titudes, - mY 12 171 
"VL. The re of 3 Og is 1 bl . 


5 E Mn e quires e 


the horizon. 
290 3 * "Ihe 
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| 1. The diſtance. þetween the zenith and the horizon 

is equal to the diſtance between the pole and the equator, 
each of them being 9 take away the diſtance of the 

zenith from the pole, which is common to both, and 


there remains the diſtance of the pole from the horizon, 


equal to the diſtance of the zenith from the equator, or 
the latitude of the place, 


2. The diſtance of the zenith from the pole is equal 
to the complement of the latitnde to 90. 


3. It appears by experiment, that 20 obſerver, who 


ceeds direQly on the meridian 69.3 miles in the lati- 
tude of 5y*, changes his latitude 1. From whence it 
is inferred, ſuppoſing the Earth to be perf-&ly ſpherical, 
chat an ate of one degree on the Earth's forkace 2269.3 
miles, and conſequently that the Earth's circumference 
=69.3 x 360= 24948, and the diameter = 9942 miles, 
The {oheroidal figure of the Earth cauſes a ſmall 
difference in the length of a degree, when meaſured on 
2 meridia circle of the Earth in diflerens latitudes. 


VII. If the greateſt and leaſt altitudes of 
a circumpolar ſtar be determined by obſer- 


vation, half the ſum will-be the latitude 


of the place. 


The ilar uſually called the pole far, is not exactly in 
the pole of the equator ; the abgve method is therefore 
(among others) made uſe of to 4 eye obs 
titude of the pole. 


VIII. The declination” of a ſtar is the 
difference between (or ſum of) the ſtar's 


meridian zenith — and the latitude 
of the place. 


The lutitude of a place being known, the declinations 
of the ſtars are determined from the obſervation 3 
2 zenith diſtances. 
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1X: The inelitiaticn” of the equator to 


al horizon, 1s equal. to the complement 
of the latitude _ 9o*®. 


The diſtance of the zenith from the horizon = 900. 


The meridian diſtance of the zenith from the equator 


= the latitude: the arc of the meridian therefore in- 
tereepted between the equator and the horizon muſt be 


= the complement of the latitude to go“. This arc 
meaſured the inclination of the equator to the horizon, 
becauſe the meridian is 'A WOE common to both 
thoſe circles. 14 
X. The latitude of a b is quat” to 
a ſtar's meridian zenith diſtance added to 
the declination, if the ſtar paſſes the me- 
ridian between the zenith and the equator : 
and in all other caſes the latitude is the 


difference between the meridian zenith dif- 


tance and declination of the ſtar. 
In this article the ſtar is always ſuppoſed to paſs the 


meridian above the pole. 


The following is an example of the proceſs for finding | 
the latitude from an obſervation of the Sun's uw 


taken at Cambridge. Aug. 7, 1776. 


Apparent meridian altitude of the 3 * 
Sun's lower limb, 53 46 

Sun's apparent ſemi-diameter from x 

5 Ephemeris, | C 


| WY 


Apparent altitude of the Sun's centre, '54 2x 88 
Subtract on account of refraction, 41 


Altitude of the Sun's centre = © 54 1 17 
Zenith diſtance of the Sun's centre, 35 58 43 
Add the Sun's declination, 16 13 57 


_—_— 


Latitude of Trinity College obſervatory 52 12 40 


{ 299 | 
9 Wben great exactneſs is fequired, the effects of the 


air's; weight and r ppg the Wee 
muſt be taken into account. 


© Altitudes taken at ſea require a correction, the hae 
joining the obſerver's eye and the apparent horizon 
being below the level of the horizontal plane. 


XI. The altitude of an object taken at ſea is 
ter than the true altitude, and the diffe- 
rence is found by this proportion: as the 
ſum of the Earth's ſemi - diameter and the 
elevation of the eye above the level of the 
ſea, is to the Earth's ſemi-diameter, ſo 
is radius to tlie coſine of the Kiener re. 


| quired... 


Ifr= the Batth's radius, and a=the altitude of a 5 
ſerver's eye above the level of the ſea, the coſine of the dip 


will be = —=/t0 radius = 1, Ee 
+8 


Thus ſuppoſe. the altitude of the obſerver 3 the 
ſea to be 30 feet = a: becauſe the Earth's radius is 
about 3970 miles = 7, the Coins of the dip will be = 


ergo 15 
3070 x 5280+ 30 coſine of 5 * : which angle muſt 
be ſubtrafted from altitudes taken at ſea, when the 
obſerver is elevated zo feet above the ſea's ſurfaces 
If the elevation is decreaſed, the angle of the dip 
will be diminiſhed in a ſubduplicate proportion without 
ſenſible error, Thus, if the obſervation is taken from. 


n 15 feet, the dip will be only e 


27 Loc See Table VI. in the Appendix. | 
E e XII. 


= L 20 J 
1 XII. The inclination of the ecliptie to 


the equator, is Jos to the angle which is 
meaſured by the Sun's greateſt declination. 


The Sun's declination increaſes ſo flowly when he is 
near the ſolſtices, that the decli nation deduced from a 
meridian altitude taken within a, few hours, of the ſol- 
ſtice will not differ much from the greateſt declination. 
The interſection of the ecliptie with the equator corre- 
ſponding to the firſt, paint of Aries, is the point from 
which the longitudes and right alcenſions of the Sun 
and ſtars are eſtimated. _ 

The time of obſervation in the preceding articles may 


by meaſured by any equable mation without imme - 
ate referenee to the heavenly odies ;/ but, in general, 


"a 
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1 | time is referred to the Sun's mo ion, becauſe the diviſion 
1 of the day and night and the difference of ſeaſons de- 
T pend on that luminary ; except for theſe reaſons, it is not 


1 probable that the Sun's motion would haye been adopted 
P as a meaſure of time, being diſturbed by various irregu- 
| larities, for which it is neceſſary to apply corrections in 
order to make it correſpond with an uniform motion, 


XIII. The time "elapſed between the 


1 centre of the Sun's paſſing any meridian, 

ii and returnin gto the tame meridian, is called 
[ an apparent or ſolar day. 2 

14 | 

# When the Sun's centre paſſes the meridian, it is called 


noon day; the Sun continues to riſe in the heavens until 
noon, when he has attained the greateſt altitude above 
the horizon; he afterwards Sens in — r ven 
4oward: the weſt. | 
WW Abe time of ncon is inferred from oblerving the times 
when the Sun's eaſtern and 'weſtern limbs "are on the 
meridian; this time OE" biſccied will give the 1 
of apparent non. 


| at 


LI 

XIV. The ſiderial day is obſerved to be 
leſs than the ſolar day. | 

If the Sun were ſtationary among the fixed ſtars, the 
ſolar and ſiderial days would be equal: But during the 
time elapſed between any meridian of the Earth having 
paſſed, and again returning to the Sun's centre, the 
Sun has changed his place in the heavens, by moving 
toward the eaſt ; on which account the Earth, befides one 
entire revolution of 360", muſt have deſcribed an addi- 
tional angle equal to that which the Sun has moved 
through eſtimated 1 in right aſceuſion. 


XV. The proportion between a \ lar 
day and a fiderial day will be known, it 
the increaſe of the Sun's right aſcenſion du- 
ring the ſolar day is given. 


Suppoſe this increaſe of right aſcenſion to be 4; let 


the time of a ſiderial day be :; the following proportion 


will give the time of the ſolar day required: viz, 


As 360® : Dn; ::t to the ſolar day = - 5 4 

If ee ae or the increaſe of the Sun's right aſcen- 
ſion during the time elapſed between his paſſing and 
returning to a given meridian, were always the ſame, 
the ſolar days would be all equal, and 360 being con- 
ſtant quantities; but the Sun's motion in right aſcenſion 
being unequal, it is plain that the folar days muſt be of 
unequal lengths, depending on the values of the quantity 


d. To reduce the ſolar time to mean time, it is requi- 


ſite, that the length of a mean folar day and a mean 
value of the Sun's.iacreaſe in right aſcenſion during that 
mean ſolar day ſhould be determined. Unequal quan- 
tities are reduced to a medium, by adding a great many 
together and dividing the ſum by the number of quan- 
tities: | thus a mean ſolar day is obtained, by afluming 
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t e time elapſed during any large number; for example, 
36525 unequal apparent ſolar days; this time divided 
into 36525 equal parts will be the length of a mean ſolar 


day; or the fame manner, the motion of the Sun 


during a mean ſolar day, will be obtained by obſerving: 


the Sun's motion in longitude or right aſcenſien, during 
a great number of days, for example, 36525, and divi- 
ding the Sun's motion ſo obſerved into 36525 equal parts, 

The imall difference between the Sun's mean motion 
in longitude and right aſcenſion cauſed by the Teer 
of the equinoxes not here conſidered. | 


XVI. The Sun's motion in longitude 


during one day, is at a medium 
/ '\ 

59 94.530 

The Sun's motion during 100 Julian years or 36525 
days has been obſerved to be 100 revolutions and 46! 10“ 
or 36000 46' 10”; which being divided by 36525, the 
quotient will be the Sun's mean motion in longitude 
or right aſcenſion during one mean ſolar day, which will 
* found = 59“ 8330 as is expreſſed in the article. 

Let the length of a mean ſolar day be u, and let 
be the length of a ſiderial day; the a. of equa- 
ble motion give this proportion: 


As 360 360 59“ 8.33, fo is : to m, wherefore 
360. 69,8.—33 360® 
8 ort && L= — 
7 © 7 360" 09 Tag 
the proportion between the ſiderial and mean ſolar days 
being determined, either may be expreſſed in dimenſions 


n = M X 


Ot the other, 


It the mean ſolar day is divided equally into 24 W 


eee een 
h Y be 360® 59' 8.33 | 
23d 56" 44,09; and if this quantity is ſubtracted from 24», 
the difference will be 3® 55.9 being the time by which 
any given fixed ſtar paſſes the meridian ſooner on each 
day thay vn the day preceding. 

XVII. 


— 
1 


MES... 


ight aſcenſion, during any apparent; ſolar 
2 with the increaſe of the Sun's right 
aſcenſion during one equated or mean ſolar 


dty of 2% be given, the length of the. 
apparent ſolar day will be determined. 


| Let d be the increaſe. of, right aſcenſion given, 4 = 


the Sun's mean inertaſe of right aſcenſion during 24 
hours: then the length of the ſolar apparent day will 


be determined by this proportion 


As 360 + @+ 300 ＋ d:: b: to the length of the 


ſolar apparent day which will therefore = 
r 
44 * 360" a | IF 34 EV © 
Wher #and a ard equal, it is evident that the true or 
equated; and ſolar apparent days are pre which 
caſe, ſolar apparent time will be the ſame with true 9 


eqrifted titne during any parts of thoſe days. 

account of! the vaflatton in the quantity 4, the ſolar 
apparent day will be greater or leſs than the equated 
day of 24* according as d is greater or leſs than a, that 


js, a&tording us is greater or leſs han 89 8 33. 
XVII. The inequahty of the ſolar days 
rendets à correction or equation . neceflary 
to reduce them to the ſame length. 
If the Sun's motion in right aſcenſion were always equal 
to bis mean or equable motion in longitude, which is at 
tte ratt of gh 8.35 för eich day; no correction would 


be required: conſequently the correction neceſſary m 


uſt 
be the difference between the SYh'y tried richt aftenſidn = 


and menu lorgitode; x falk allowance being made on 


wceoutt of the preteffioun” of the equinoxes, reduced to 
motion in right aſecnſton according to the method ex- 
0 eee Fans 


, : 
114 1 S113 - 


* ” 
— — —- - ccc__m OG. ð i! — — Cc Oo % — — 


— 


— 
— 
K * 


„ 
W — . —_—_ _ 


e. —— C 
— E 


| 214 | 

plained by the Rer. Dr. Maſkelynie, A. R. in the Phi- 
loſophical Tranſactions, Vol. LIV. p. 34. X 
XIX. From having obſerved the ttanfir 
of the Sun's eaſtern and weſtern limbs over 
the meridian, it is required to aſſign the 
time of apparent noon and the true time of 
Add together the times correſponding to the two obo · 
ſervatious as ſhewn by a clock, and take half the ſum, 
this will give the time of apparent noon: if the equation 
be applied with its proper lign to the time of apparent 
moon, the reſult will be the true time of noon day. If at 
the inſtant of the true noon the clock points td XII. it 
wants ao correction; if otherwiſe, the error of the clock 
is diſcovered. | e 
XX. Having given the angle con- 
tained between the meridian and a circle of 
declination paſſing through the Sun's cen- 
tre, to aſſign the apparent aud true time of 
gb efy Mig Nets dA Fee 
* The given angle converted into time, at the rate of 
16 ton, 15 to 1", &c. will give the apparent time of 
day: let this equal A, and to obtain the true time, 
Jet + E be the equation of time for preceding noon, ; 
Ze =the variation of the equation during the next 24"; 
| ee el nr N unt 

the true time will be= A E & — 

Ie: | 18-3192 N (9:17 44 b 


* 
— 


REY Mot am 34 . 
War r see eres gn 
a table is inſerted in the Appendix, Ne VII. containing 
hours, minutes, and ſeconds, expteſſed in parts of 
a day, Having given the time expreſſed in decimals of 
a day, and the equation for preceding noon with the va- 
;,Fiation of che equation during 24, the equation cor- 
reſpofiding to the given time of day will be obtained 


rom one multiplication only, Thus ſuppoſe the appa- 


rent 


— — — — ͤ— ö . . ——9— 
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rent given time to be gh 5 zu, this is reduced to dect- 
mals of a day by referring to the table: 


Let the equation for preceding noon be 23 t, and 
its increaſe during the ſucceeding 24h =B „18 by multi- 
plying. 412 into 8. the product will be; 38, Which be- 18 
ing added to 4 3% 1 the ſum will = 42 Gs. 5 = the 1 
equation correſponding. to the given time. (N. B. Phe 
proportional parts for the RA and equation may be cal- 
culated from the ſame proceſs, by Table IX. and VII.) 
This table is uſed exactly in the ſame manner fot finding 
the declination or right aſcenfion correſponding to any 
gveu time, the declination or right aſcenſion. at ;aoon 
being known with the variation during GARE >a 

The angle contained between the meridian and z city . 
cle of declination paſſing through the Sun's centre is ob- 
tained from an obſervation of the Sun's altitude; this 
will give the Sun's zenith diſtance, which are with the 
complement of latitude and the complement of declina- 
tion will form a ſpherical triangle, the three-fides being 
given, from which either of the angles may be obtained. 
The uſual proceſs for finding the hour angle is ba 
in the following example : 

Suppoſe the Sun's zenith diſtance to be by obſervation 
t= 763", the complement of the latitude to 90 = 37 47 
and the complement of the Sun's declination. to 00". = 


gh * 2375 — | 

you" 835 f | 

1 nr SIE hat „002 | / 1 
- 1 kes x an DONE 22 {2 

M — — 

8 — — + If 

„412 1 * 4 1 

n 

1 


6658 J. 
Comp. lat. = 37 47 log. coſecant = 0.2127683 
| Comp. dec. = 606 58 log. coſecant =" 0.036813 
I Zen. diſt, = 76 zl. fine of f ſum = 9.999894 
Sum = 180 48 log. ſine diff, '= 9.304174 | 


4'Sum = 90 24 Sumofglogariths. 2 9. 6430185 
Subtr. zen. diſt. = =>6 - 2 


+ Sum = 98215092 
Difference = 14 21 . 25 | 
| = the 
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j'Þ = the wes as of 480 280 * the double of which 1 
g6® 56 34 = the hour angle 


uired 
Or the following method — 2 uſed : let the diffe- 


il | rence between the latitude and Sun's declination be 
XA: and find the logarithm of 


Cos. A— fine of the dds altitude, this added to the 
logarithmic fſeratits* of the latitude and declination 
- will be the log; verſed fine of the hour angle, | 


Referting to the preceding example. 
* 110 and log. evs. . 117 — fin. FT seg 


1 Log. ſecant ga“ 23 = 62127683 

Log. ſecant 322 80360873 
95 SS #05 $244 e Nr 
2 N 2 „ 

= - Abe ert fide of 15 & 34” Efecpsadlag to 

65 2 46%.2 che apparent time of day when the obſer- 

vation'was taken. 

Theſe are the methods of finding apparent time uſually 
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practiſed at ſea—the problem may alſo be effected by ob- 


ſerving the altitude of a kuon fixed ſtar with very little 
addition to the computation 1 wr” a In each caſe, fince 
it is impofſble to menſtire altitudes above the horizon 
abſolutely free from error, the obſervation muſt be taken 
in fuch'a manner, that a gwen variation in che time de- 
duecedz which is done by taking the altitude of the 
Sun or ftar when on the prime vertical, Let «r the 
givers variation of 4 ſtui's altitude, 1 = the corfe- 
. che hour angle, then we ſhall have 


raging? 7 8 


4 A * 


Cos. iatitude X Ane a: Timuch 
— 3 


emu lhe Fr is ns and ; being | 
by 
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by the ſuppoſition invariable; 5, or the variation of 
the hour angle n from obſervation will be pro- 


portional to F which quantity is the leaſt 


fine azimur 
when the azimuth = go?, or when the Sun or ſtar i is 
fituated on the prime o vertical. 

Cor. I. It appears from hence that (every thing elſe 
being the ſame) it is of no conſequence to the accuracy 
of the time deduced, at what altitude a ſtar is obſerved 
upon the prime vertical; 

Cor, II. In the latitude of 52* 12 40% „an error of 
1“ in obſerving the altitude of a ſtar upon the prime 

* 1 1 8 
vertical cauſes an error of re“, 297 9 = 


fix ſeconds and a half in the time deduced. 


If the obſervation be taken on any other vertical, the 
error in altitude being the ſame, the error in time be- 
fore found (6 4 ſeconds) will be increaſed in the ratio 
of the ſine of the ſtars azimuth to radius. 


XXI. If the difference of the apparent 
time of day at any two places be known 
(at the ſame inſtant) their difference of 
longitude will be known. 


One of the methods uſed for determining the differ- 
ence of longitude, is by two perſons obſerving an eclipſe 
of the Sun, one of Jupiter's ſatellites, &c. or the occul- 
tation of a fixed ſtar by the Moon. If either of theſe 
phenomena happened at different apparent times to the 
two obſervers, the difference of theſe times (allowing 
for the effects of parallax, if neceſſary) will give the 
difference of longitnde required. This method can be 
practiſed: only on land. The following methods are 
uſed at ſea: a watch well regulated to time at a given 
place, being carried to fea eaſtward or weſtward, will 

F Ff ſhew 
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ſhew the. apparent time (by means of adding or ſubtrad⸗ 
ing the equation) different from that which is deduced 


from obſervation of the Sun or ſtars. This difference of 


time converted, into degrees and, minutes is thedifterence 
of longitude required. The difference of longitude is now 
uſually determined at ſea by. obſerviag the angle ſubten 
ded by the Moon's centre and a fixed ſtar, not very dil. 
tant from the Moon's orbit. 

The Moon's\ diſtances from feveral of the fixed Rata 
and the times correſponding, are calculated in the Nau- 
tical Ephemeris for the meridian of Greenwich ; by ob» 
ferving the diſtance of the Moon from a fixed ſtar, the 
time at Greenwich may be determined; and the time at 
the place of obſervation being known, the difference 


converted into degrees and minutes, will be the lon- 


gitude from Greenwich. 

In this caſe it is neceſſary to obtain the true diſtance 
of the Moon from the ſtar, free from the effects of pa- 
rallax and refraction, which alter the apparent altitudes 
of the ſtar and Moon, and cauſe a variation in their ap- 
parent diſtances. The apparent altitudes of the Moon's 
centre and a ſtar, with their apparent diſtances from each 
other, being given by obſervation, we obtain the true 
difference of their azimuths, which is not affected by 
refraction or parallax. The apparent zenith diſtances 


of the Moon and ſtar being known, their elevations arj- 


fing from refraction, as well as the depreſſion of the 
Moon's centre cauſed by parallax, will be known from 
the tables, from whence we derive their true zenith diſ- 
tances: and the difference of the azimuths being pre- 
viouſly determined, the ſolution of a ſpherical triangle 


gives the true nee of the Moon's centre from che 


tar. 14:4 hs 


XXII. Haring the tranſit of a pcs 
ſtar over the meridian, to find the true 
time of day, 

Putting RA as an abbreviation for right aſcenſion ex- 


7 in time, oC the Sun's RA at t preceding 


4 | noon 


meridian tranüt will 


4 45 1 


noop from the ſtar' RA increaſed by 245 if leſs than the 
- Sun's RA ; let the difference be D;: find the propor- 

tional parts for D from Table VIII. in the appendix aud 
let them be repreſented by pD : if e be the equation 
of time for preceding noon, the true time of the ſtar's 


be D-pD=e, Vid. a paper by 


A. Aubert, Eſq. inſerted in the Philoſophical Tranſac- 


. tions for 1776. 
Suppoſe the ſtar's 


RA in time to be gh o 35: the 


Sun's RA at preceding noon = 10h 6% 82.7, and the 


equation of time for preceding noon 


the proceſs for finding the time of the | far's meridian 
tranſit will be as follows : 


h 


1 


From 24 + ' BK. IT >, 


Subtract 


10 6 8.7 


— 


2 D from Table VIII. 


18 54 28.3 = D 
ck. WILL, * 


/ 


18 51 22.4 
+ 2 31.3 


18 53 53.7 


Proportional parts for D, from Table VIII. 


19h 1 38% 3 
8 1 18.6 
50% 8.2 
4 =s 
303 7 
b =. 3, 59 


XXIII. Having given the diſtance D of 


—— 


a fixed ſtar from the meridian (reckonin 
on the equator eaſtward) to find the time. 


. 8 Let 


i 


= + u. 


I ae 4] 


Let the ſtars RA — Sun's RA at noon preceding 
—D=A: let pA be the proportional parts for A from 
Table VIII. and let e be the equation of time for noon - 
preceding. Then the time ſought will be A—-pA=e, 
Or thus: let D be the diſtance of the ſtar from the 

' meridian reckoning weſtward ; find the time of the ſtar's 
preceding meridian tranſit, and let it = T': find p D 
from Table VIII, and the time ſought will be T+D—pD. 

Let the given diſtance from the meridian be zh 40" 
weſt, or 20h zom reckoning eaſtward : let the ſtar's RA 
= gb om 356; ſuppoſe the Sun's RA at preceding noon 
to be 10h 6m 85,7, and the equation of time = 2m 318.3. 

HON. ; 


To the given diſtance 20 20 
Add the Sun's RA ee. 


_ 


6 26 8.7 
Subtract this ſum from 
the ſtar's RA+ 24h 29 o 37 


= 14... ij. 6 


A from Table VIII. 3 42 
PIG | "82 30 46.3 
Equation | + 2 31.3 


— 


True time ſought = 22h 33” 195.6 


— 


* 


Or thus: The time of the ſtar's precedingmeridian tran- 
Hs A | 


ſit is found from the laſt article=18 53 53.7 = T 
Add the given diſtance =D 
reckoning weſtward 3. 40 
22 33 $37 
5D from Table VIII. — 36.1 
True time 1 22 33 17.6 


XXIV. 
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XXIV. Having given the true time of 
day S T, to find the diſtance of a ſtar 
from the meridian reckoning on the equa- 
tor weſtward, 


Find the time of the ſtar 8 preceding meridian tranſit 
and let it be repreſented by ?: let T- rA, and 
from Table IX. take pA; the diſtance fought, eſti- 
mated i in time, will be A + Pr. 

m $ 
Suppoſe the given 8 o b 22 33 17.6 = T 
The time of the ſtar's prece- - 


ding tranſit 18 53 53.7 2 
A = 3 39 2349 
pA from Table IX, = + 36.1 
The diſtance required 1 


—_—_— 


mne 


XXV. To determine the angular appa- 
rent motion of a circle of declination paſſing 
through a fixed ſtar in its diurnal revolu- 
tion during any given time T. 


From Table IX. find zT and T+pT converted into 
degrees and minutes will be the angular motion of the 
ſtar in the time T. 

Thus if the difference of the true times at which two 

fixed ſtars paſs the meridian, is obſerved to be 
gh om 35.53, to infer the difference of their right aſ- 
cenſions. 


ane 
T = 9 9 3543 


— 


The difference of right aſ- I _ Im 
cenfions required N 


XXVI. 


* 
* 
ſ 2 * 
— wer „ 1 


XXVII. Having given. any arc of the 
equator D,- to find the time in which a 
circle of declination, paſſing through a 
given fixed ſtar, deſcribes the are o on | the 
equator. 


D being expreſſed in time find b from Table VII. 
and D—pD will be the time required. 

Thus, let the difference in right aſcenſion of two fixed 
ſtars be gh zm 48. 1: to find the time elapſed between 


their tranſits over a given meridian, 
| h m # 
Here D '= - 8 
2D from Table VIII. _ —1 28,8 


Wherefore the time required between their meridian 
tranſits = 9 o 35.3. 


ON DIALLING, AND THE USE OF- 
THE EQUATORIAL INSTRUMENT. 


I. If rays of light, proceeding. from: the 
Sun's centre, ſhine upon a right line pa- 
rallel to the Earth's axis, the ſhadow of 
the line will be in the ſame plane with the 
circle of declination which paſſes through 
the Sun's centre. 


The ſhadow of any line is a * which paſſes aac 
the line, and through the Sun's centre: the apparent 
time of 1 being the ſame, the ſhadow deſcribed in the 

. article 
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article will cut the horizon, or any other great circle | 


given in poſition in the ſame right line, whatever * 
the Sun's declination. | 


II. If a line, adjuſted parallel to tis 
Earth's axis, be applied to the centre of a 


circle, the plane of which is ven in poſi- 


tion, the inclination of the line's ſhadow 


to the plane of the meridian 1 is the meaſure 


of apparent time, allowing one hour for 


15, &c. 


If the planes of declination circles interſect any plane 
given in poſition, and a line is applied to the latter 


plane at their common interſection, parallel to the 
Earth's axis, the ſhadow of the line thus applied will 


determine the apparent time of the day, 


III. Let the axis of a ſphere, upon 


which the circles of declination are de- 


ſcribed, be directed to the pole of the hea- 


vens. The ſphere being biſected by the 


plane of any great circle, the ſection will 
be a dial, of which the axis of the ſphere 
is called the ſtyle. 


The interſection of the dial aun the meridian is 


marked XII. tha interſection of the adjacent hour circle, 


inclined to the meridiag, at an angle of 15” is marked 


I. and ſo on; the intermediate times being marked at 
the interſections of the correſponding circles of declina- 
tion, with the plane of the dial, Since, when the hour 
angle is the ſame, the ſection of the ſtyle's ſhadow is 
the ſame, whatever be the Sun's declination ; it follows, 
that whenever the Sun ſhines upon the ſtyle, the time 
of the day being given, the ſhadow will always interſect 
the dial in the fame right line: this line therefore will 
determine the apparent time. To obtain the true time 


the 


i 
g 
: 
} 
\ 
4 
x 
1 
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the equation muſt be applied with its pröper ſign to the 


time denoted by a dial. 
A dial is called vertical, horizontal, equatorial, Nc. 


according as the plane of it coincides. with. that of a 
ON circle, the horizon or equator in the heavens, 


IV. The equatorial inſtrument conſiſts 
of three circles, the planes of which may 
be ſo adjuſted as to coincide with the 
planes of the horizon, equator, and any 
given circle of declination in the heavens 
reſpectively. 


A teleſcope is applied to the declination circle, to the 
plane of which the line of collimation is parallel. | 
The moſt common uſes to which the equatorial inſtru - 
ment is applied, are as follow : 
1. To determine the poſition of the meridian. 
2. To find the apparent time of the day. 
3 . To direct the teleſcope to any point in the hea- 
vens, the right aſcenſion and declination of which are 
| known; or to determine the right aſcenſion and decli- 
nation of objects after having adjuſted the Inflrument to 
the latitude of the place, 


V. Let the equatorial circle be inclined 
to the horizon, at an angle equal to the 
complement of the latitude to 90. The 
inſtrument is adjuſted to the latitude. 

The inclination of the equator in the heavens to the 
horizon, is equal to the complement of the latitude, 
to go*, 

VL In order to determine: the meridian, 
the declination circle muſt be ſet to the de- 

clination of a known ſtar. If the ſtar be 
8 brought 
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brought into the centre of the field, by, 
means of the equatorial and azimuth cir- 
cles, the plane of the equatorial circle will 
coincide with that of the equator in the 
heavens (ſetting aſide the effects of refrac- 
The plane of a ſecondary to the equatorial and azi- 
muth circles wil! coincide with the plane of the meri- 


dian; to which the line of collimation will be directed, 
when the equatorial index points to XII. 


VII. The inſtrument. being adjuſted to 
the latitude, let the declination circle be | 
ſet to the Sun's declination, correſponding | 
to the time of obſervation : if the line of | 
collimation be directed to the Sun's centre, 
by moving the equatorial and azimuth cir- " 
cles in their own planes, the arc of the ; 
equatorial circle intercepted between XII. 
and the point to which the index 1s di- 


reed, will determine the apparent time 
of the day, 


In this caſe the equatorial circle becomes a dial, the 
plane of which is perpendicular to the ſtyle, or, as it is 
uſually called, an equatorial dial. It is to be obſerved, 
that in both the preceding articles, the apparent eleva- 
vation of the celeſtial objects above their true places 
by refraction, will eauſe the poſition of the meridian, 
and the time deduced from obſervation with the equato- | 
rial teleſcope, to deviate ſomething from the truth. 
Theſe errors both in the hour angle and azimuth may 
be eſtimated thus: 

Let r repreſent the apparent elevation of the ſtar, or 
Sun's centre, cauſed by refraftion: 8 = the angle con- 

| $68” tained 
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tained between a vertical circle and a circle of declination, 

paſſing through the ſtar : then the variation of the hour 

angle, cauſed by the apparent eleyation of the ſtar = 
17 

coſ. lat, & fin. azimur 


Fo and the contemporary varia- 


r Xcotang. 8 

Un. ſtar's zenith diſt 
Properties of the equatorial inſtrument when adjuſted, 
the plane of the declination circle will always be verti- 
cal when the equatorial index points to XII. it follows 
that the poſition of the meridian found in Art, VI. 
will be corrected by moving the azimuth circle, in a di- 
rection contrary to the Sun's azimuth, through an ure 

4 „ cot. 8 


= Þn. zen, diſt * 
It may. be inferred from hence, that in the latitude 
2 12' 40”, refraction will cauſe no error in the poſition 
of the meridian, determined as in Art, VI. when the 
obſerved ſtar's declination and altitude = 62® gc”. 
In general, let @ repreſent the latitude of a place, b 
the declination of an obſerved ſtar: find an, angle, the 


ne of which = 


tion in the azimuth = Since by the 


1 — a FL and let this angle = A: if the 
obſervation for ad ruling the equatorial to the meridian 
js taken when the altitude of the obſerved ſtar is = A, 
the poſition of the meridjan will be correct without al. | 
lowing for refraction. 


VIII. Let the inſtrument be adjuſted ta 
the latitude and the meridian; if the de- 
clination circle be ſet to the Gckaation of 
any ſtar, &c. and the equatorial circle be 
moved in its own plane, the line of colli- 
mation will, be always directed to the pa- 
rallel of declination, which the ſtar deſcribes 
in its diurnal rev olution. 


if 


[a | 
Tf the right aſcenſion and declination of any ſtar be 
given, the line of collimation of the equatorial teleſcope 
may be directed to it ; by which means Jupiter, Venus, 
and the fixed ſtars of the firſt magnitude may be ob- 
ſerved in the day time, 


IX. The altitude of an object above 
the horizon may be meaſured on the de- 
clination circle of the equatorial inſtru- 
ment. 


When the equatorial index points to XII. the plane 
of the declination circle paſſes through the zenith; the 
line of collimation therefore being adjuſted horizontal, 
and afterwards directed to a ſtar, by moving the decli- 
nation and azimuth circles in their own planes; the in- 
dex of the declination circle will determins the arc of 
the vertical circle intercepted between the ftar and the 
horizon. 


X. The altitude of an object may be 
determined, by meaſuring the arc of a 
great circle, intercepted between the ſtar 
and the horizon, and the inclination of 
the ſame great circle to the horizon. 


This is the method deſcribed in p. 198. Art. VI. 
and may be put in practice by means of the equatorial 
inſtrument thus : let the fine of the eſtimated altitude 
of the object, be 5s; elevate the equatorial circle above 
the horizon to an angle, the fine of which g V,, rad. 
being gt. The declination circle being ſet to o, di- 
rect the line of collimation to the ſtar, by the equatori il 
and azimuth circles,. moved in their own planes; ob- 
ſerve the arc of the equatorial circle, intercepted be- 
tween the index and VI. if the ſine of this arc =p, the 
fine of the obſerved altitude will be equal to V X p, 
radius being 1, | | 

Gg 2 Thus, 


[ 228 


Thus, if the altitude of the Sun's lower limb were eſti- 
mated to he about 37%. The proceſs for finding the al- 
titude by this method will be as follows : 

. , Log. fine 35% = 9.7794630 

 XF = 9.8897315 = the ſine of 
- co" 53) = the angle, of which the fine is =4/s: having 
therefore elevated the equatorial circle to this angle 
above the horizon, turn. the equatorial and azi- 
muth circles in their own planes, until the object is 
brought into the centre of the field : oy the equa- 
torial arc meaſured from VI. to be 51 4: 
Log. fin. 5o*.5z3 = 9.8897850 
Log. fin. 51%.4 = 9. 8909113 


97806963 = log. ſin, 


37 7 22 the true altitude. 


XI. Suppoſe a to repreſent the zenith, 
(vide fig. in Note to Art. VI. p. 198.) s 
the place of a ſtar, qs and ao & arcs of 
two vertical circles; so, a great circle 

aſſing through the ſtar, andequal to qo. 
| the arc ag and the angle so be de- 
termined by obſervation, the zenith diſtance 
s will be known. 


This method of determining zenith diſtances is ſimi- 
lar to the indirect menſuration of altitudes before de- 
ſcribed, and is capable of great exactneſs, when the arc 
to be meaſured is ſmall, eſpecially. fince the line of col- 
limation by the conſtruction of the equatorial inſtrument 
may be adjuſted to the zenith. 

The equatorial inſtrument may be applied to this me- 
thod by means of the following rules : let the fine of half 
the eſtimated zenith diſtance ; find an angle, the fine 
of which = y/s, radius being 1. Elevate the equato- 

TIN rial 
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rial circle above the horizon to an angle, the fine of 
which = 4s 3 and ſet the declination circle to the 
complement of the ſame angle to 90. By means of the 
equatorial and azimuth circles moved in their own planes 
direct the line of collimation to the ſtar : obſerve the arc 
intercepted between the equatorial index and XII, the 
fine of half this are x V, radius being = 1, will be 
the fine of half the zenith diſtance required. 

Or thus: let , be the fine of the angle at which 
the equatorial circle is inclined to the horizon ; and the 
-manner of obſervation being the ſame as has juſt been 
deſcribed : let v be the verſed fine of the equatorial arc 
meaſured from XII. then the verſed fine of the zenith 
diſtance required will be = vs, radius being = 1. | 

Thus, ſuppoſe the zenith diſtance were eſtimated to 
be about 4". 

| Log. fin. 2* =8.5428192 
which being divided by 2 will =9.2714096 = fihe of 
about 10* 40. 

The equatorial circle being elevated above the horizon 
to an angle = 10? 46', and the declination circle ſet to 
the complement of that angle, or 79* 14' from the equa- 
tor, let the obſervation be taken: if the equatorial are 
eſtimated from XII. is = 22" 10', the zenith diſtance 
required will be found thus : , 

Log. fine 10 46' = 9.2713997 = log. Vs 

| a * 2 


1 8.542799 4 = log. s 
Log. verſ. fin. 22 10“ = 8 8687018 


4 


7-4115012 = log. verſed fine of 


2? 6' 51%. 4, the true zenith diſtance, 


4 
XII. To meaſure any ſmall vertical an- 
gles by the equatorial inſtrument. 


An angle which does not exceed a few minutes can- 
not be-meaſured directly by the graduated arc of a ſector 


or 
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or circle, becauſe errors which are ineonſiderable in re- 
ſpect of larger angles become great in proportion to 
thoſe which are very ſmall. 

The following method of meaſuring ſmall vertical an- 
gles with the equatorial inſtrument is very exact, and 
on ſeveral occaſions may be found uſeful to obſervers, 
Let the elevation of the equatorial circle above the hori- 
zon be a; the polar diſtance of the teleſcope (either 
greater or leſs than go”) be . Let the index of the 
equatorial circle point to XII. (correſponding to noon), 
when the line of collimation is directed to any object. 
Suppoſe that the equatorial circle deſcribes an angle of 
which the verſed fine is ; then if the azimuth circle is 
moved in its plane, ſo that the line of collimation may 
be returned to the vertical in which the firſt obſerved 
object was ſituated, it will have been depreſſed through 
a ſmall arc of the vertical which will be = 


wy — fiye'? to radius 1. If 5 = ge?, that is if the 
line b—@a | | 

| line of collimation is parallel to the plane of the equato- 

rial circle, the depreſſion will be meaſured by an arc 

= © X tangent à to radius 1. 

One uſe of this method is to eſtimate with great ex- 
actneſs the angle ſubtended by the horizontal wire of 
the teleſcope at the centre of the object glaſs: having 
ſelected any well-defined fixed object at a ſufficient diſ- 
tance, let the declination circle be ſet to o: elevate the 
equatorial circle ſo as to bring the object into the field 
of the teleſcope when the index points to XII. (merid.) 
on the equatorial : let the upper edge of the horizontal 
wire be brought to coincide with the fixed object by 
altering the elevation of the equatorial circle: by mo- 
ving the equatorial and azimuth circles in their 
own planes let the lower edge of the wire be brought 
to coincide with the fixed object. Suppoſe the eleva- 
tion of the equatorial was 41* 3', the angle deno- 
ted by the index of the equatorial = 55” then the 


angle ſubtended by the wire at the centre of 
3 2 the 
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the object glaſs, vs 6 ery; ee = vers. fine 


$7 x tang. 43 = 24.6, 


By the application of this rule the vertical diameter 
of a planet may be meaſured : ſuppoſe the planet near 
its greateſt altitude on the eaſt fide of the meridian : 
the declination circle being ſet to o, and the equatorial 
circle to XII. (merid.) let the upper edge of the hori- 


' Zontal wire be brought to coincide with the upper limb 


of the planet (or lower limb as it appears in the tele- 
ſcope) by altering the elevation of the equatorial circle ; 
by turning the equatorial and azimuth circles in their 
own planes let the lower edge of the wire be brought 
to coincide with the lower limb of the planet (that is 
with the upper limb as it appears in the field of the 
teleſcope): ſuppoſe v to be the verſed fine of the angle 
the equatorial circle has been moved through, and let 
the inclination of the equatorial circle to the horizon 
be 4: then the ſum of the diameters of the planet and 
wire will be an angle which is meafured by an are = 


vx tang. a, from which ſubtracting the diameter of the 


* 


wire before found, the diameter of the planet will be 
obtained. 


XIII. An exact method of meaſuring the 
altitudes of objects by the equatorial in- 
ſtrument, | | 
Let the equatorial circle be elevated above the hori- 
zon to any angle = @: let the line of collimation be 


adjuſted horizontal, when the index of the equatorial 
points to XII, (correſponding to midnight). If the equa- 


torial circle is turned in its own plane through an 


angle the verſed fine of which =», the line of collima- 
tion will be inclined to the horizon at an angle the 


fine of which = 7 * fine 23; this is the cor. 


rect value of the altitude of an object to which 
the line of collimation is directed. Thus, ſup- 


poſe 
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poſe the elevation of the equatorial circle above the 


horizon were 30* ?“ and the arc through which the 
equatorial has moved from XII. = 40? 2'; then the 


J. * „93171 "4 0 27 
ſine of the altitude obſerved will be = bon — RH 


x fine 60® 14': the proceſs will be thus : 
Log. vers. ſine 400 2 = 93698272 
Log. 4 R * 9. 6989700 
Log. ſine 60 14 =: 9.9385470 


Yo —_ ꝙz— — 


9.007 3442 = fins 


of ;* go“ 14” the altitude of the object obſerved. 
The quantity @ or the elevation of the equatorial cir - 

cle above the horizon may be of any value, fo that it 

is greater than 4 the angle to be meaſured ; ſince when 


4 is given, the greateſt angle which can be obſerved by 
this method is that of which the fine is = fine 2a, 


XIV. Let the equatorial circle be ele- 
vated above the horizon to an angle of 
45: when the equatorial index points to 
XII. (correſponding to midnight) let the 
| teleſcope be adjuſted horizontal: if by 
turning the equatorial and azimuth circles 
through an angle of which the verſed ſine 
, any object be brought into the cen- 
tre of the field, the fine of its altitude 


; A | * 
above the horizon will be = 2 


In this caſe à or the elevation of the equatorial cirele 
above the horizon is 45” and conſequently 24 =90? of 
which the fine =1 wherefore the fine of the obſerved 

a altitude 
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| altitude will be = -, A 


trouble, and will afford a very exact meaſure of altitudes 
and depreffions, much beyond what can be obtained by 
direct obſervation with an inſtrument of equal. radius, 

Suppoſe an object to be obſerved in this — 
the arc on the equatorial circle being 200 2/. 


_ The proceſs for inferring the altitude of the object 
will be this: 


Log. verſed fine of 20 0 = 8.78 18022 | 
Log. 5 =, - 


p | 8 480% 23 = {ine 
of 1* 44 1 the altitude of the obſerved object. 

To 1 * ſome eſtimation how far this obſervation 
may be affected by errors in adjuſting the equatorial circle, 
to 45”, or in reading off the equatorial arc, ſuppoſe 
both of theſe arcs to be too ſmall by 1'; and let the 
reſult be deduced from the rule contained i in the laſt ar · 
ticle. In this caſe Fg line of the altitude will be = 


verſed fine of 20 
2 
12 verſed fine 2 1' = 8.78 10866 


5. 4 = 9-6989700 
bag ne 89* 58 = 9-9999999 


gase; = fine 


of 1® 43 51 aifering no more than 10“ from the for- 
mer reſult, 

In this computation it is obſervable that an error of 
1' in the inclination of the equatorial circle to the ho- 
rizon, cauſes a difference of only a ſingle unit in the laſtde- 
cimal place of the logarithmic fine of the obſerved altitude; 
and if the variation of the inclination was increaſed even to 
* 10/, no ſenſible error would be occaſionedbyitin 2 
H h i 


X fine 89* 58), 
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if the angle at which the equatorial circle is inclined to 
the horizon be aſſumed leſs than 45*, the error from 
the variation of inclination may become ſenſible; and 
though the error occaſioned by a given variation of the 
equatorial arc is at the fame time decreaſed, yet the ſum 
of both will be greater than when the inclination of 
the equatorial eircle to the horizon is 45, if they ſhould 
combine in their effects to increaſe or diminiſh the obſer- 
ved angle. 

The inclination of 45* will in general be far prefera- 
ble to any other for the menſuration of altitudes by the 


} 


method here propoſed. A ſmall table N* X. is infer- 
ted in the Appendix, containing the elevations and de- . 


preſſions of objects above and below the horizon cor- 
reſponding to given arcs of the equatorial circle mea- 
ſured from XII when the inclination of the equatorial 
circle to the horizon is 45", By this table the exactneſs 


of the ſpirit level which is ſuſpended from the teleſcope | 


of an equatorial inſtrument may be truly aſcertained wich- 


out the trouble of calculation. Suppoſe for example; 
a motion of 30“ of the equatorial arc from XII. cauſes 
a perceptible alteration in the level: by the table it ap- 
pears that the depreſſion is about 7“ 
that the level is ſenſible to 77. This table may be alto 
applied to meaſure ſmall elevations aud depreſſions of ob- 


and conſequently 


jects above and below the horizon; to the determination 


of horizontal refractions, &c. 
Elevations of objects above the horizon, and de- 
reſſions below it, are determined from the ſame rule; 
it being remembered, that when an object above the hori- 
zon is obſerved, the «equatorial arc muſt be eſtimated 
from XII. correſponding to midnight: in obſerving de- 
preſſions below the horizon, the equatorial arc muſt be 
meaſured from XII. correſponding to noon. 


XV. To obtain a very exact meaſure of 
the horizontal angles ſubtended by fixed 
— 


Let 


— 
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Let the equatorial circle be adjuſted parallel to the 
azimuth or horizontal circle : having directed the line 
of collimation to one of the objects, let the other 
object be brought into the centre of the field by moving 
the equatorial circle in its plane and the declination 
"circle if neceſſary: let the line of collimation be re- 
turned to the firſt object by moving the azimuth 
circle and the declination: circle in its own plane if 
_ neceſſary: if theſe obſervations be repeated any 
number of times, the angle through which the 
equatorial circle has been moved being divided by 
the number of times either of the two objects has been 
obſerved, will give an exact meaſure of the horizontal 
angle ſubtended by them: if the angle deſcribed by the 
azimuth circle in the contrary direction be divided by 
the ſame number, the reſult will be another value of 
the angle ſubtended by the objects : a mean of theſe two 
reſults will be very near the truth, Vid. a paper on 
the barometrical menſuration of altitudes by Sir George 
Shuckburgh Bart, Philoſophical Tranſactions for 1775. 


OF PARALLAX, AND THE DETERMINATION OF 
IN ACCESSIBLE DISTANCES, 


I. Let a line be drawn perpendicular to 
the diſtance between an adjacent objedt 
and any given ſtation : the apparent places 
of the object, when viewed from the ex- 
tremities of the line, will be different. 


The perpendicular line above deſcribed, is called a 
baſe. « | | : 
2, The extremities of the baſe are called ſtations. - - 
3, Theangle ſubtended by the extremities of the baſe 
at the object is called the angle of parallax, 


H hz2 4. The 
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4. The baſe is to the leſſer of the two diſtances of the 
ohject from the extremities of the baſe, as the tangent 
of parallax to radius; and to the greater, as the _ of 
the ſame angle to radius. þ 


II. Suppoſe lines to be drawn from the 
two ſtations to an object: one of the an- 
gles contained by theſe lines, and the 
baſe being a right angle, the other will 
be the complement of the parallax to 900. 
If the angles at the ſtations terminating a 


given baſe be known, the parallax, and conſequently 
the diſtance of the object, may be determined. 


III. If the diſtance of an object be greater 
than 100000 times the baſe, the angles at 
the ſtations will not ſenſibly differ trom 
two right ones; the lines drawn from the 
object to the ſtations are therefore, Phyſi- 
cally ſpeaking, parallel. 

One of the angles at the baſe, in the propoſitions ; 
contained in this ſection, is ſuppoſed to be go*. 

The moſt accurate inſtruments conſtructed for the 
menſuration of angles, cannot be depended upon, to 
leſs than 2% the tangent of which is to radius as 1 to 

The angle the tangent of which is to radius as 1 to 
100000, is 2 06, or little more than two ſeconds. ; 


IV. The parallax of an object, the diſ- 
tance of which 1s above 100000 times 
greater than that between the two ſtations 
of obſervation, is inſenſible. 

If the object be at a greater diſtance from either ſta- 


tion, than 100000 times the baſe, the angle at one of 
the 
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the ſtations being 90, the angle at the other will be 
more than LY 59 577.9; the difference of which an- 
'gle and go? being ſcarcely more than 2, is two ſmall - 
to become ſenſible by obſervation, 


V. If the parallax of an object (obſerved 
with an inſtrument ſufficient! exact to 
meaſure an angle of 2") be mie nſible, the 
diſtance of it from either ſtation cannot 
be leſs than 100000 times the baſe, from 
the extremities of which it is obſerved. 


It is to be remarked, that, although the diſtance of 
the object cannot be leſs than 100000 times the baſe, 
yet it may be greater, in any aſſignable ratio. 

Lines rouge r any given points in a baſe, to an 
object, may be {eſteemed in practice parallel, without 
ſenſible error, if the diſtance of the object is more than 
100000 times the baſe. 

Rays diverging from any point of the Sun's diſk, upon 
the ſurface of the Earth, may be. eſteemed parallel, if 
their diſtance from each other exceed not about 1000 
miles, at the Earth's ſurface ; becauſe 1000 miles is to 
the Earth's diſtance from the dun, in a proportion of lit- 
tle more than that of one to 100000. 

In the ſame manner, plumb lines hanging freely and 
at reſt, not being diſtant more than 68 yards from 
each other, may be accounted parallel, 

Rays diverging from a fixed ſtar, to any-parts of the 
"Earth's orbit, are, phyſically ſpeaking, parallel, becauſe 
the parallax of the Earth's orbit, ſeen at the ſtar, is leſs 
than 2 

Two planes drawn parallel to each other, and paſſing 
through the extremities of a diameter of the Earth's or- 
bit, if produced, will appear to coincide with the ſame 
great circle of the heavens ; becauſe the diameter of the 
* Earth's orbit when ſeen from the fixed ſtar, ſubtends an 
angle leſs than 2. In like manner, if a plane, paſſing 

through 


* 
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through the Earth's centre, be parallel to a plane drawn 
to the ſurface, theſe planes, when produced, appa- 


rently coincide with the ſame great circle in the 


heavens, 


OF THE SOLAR SYSTEM. 


. The Solar Syſtam conſiſts of the Sun, 
and the Planets and Comets revolving 

II. There-are ſeven primary planets ; 
viz. Mercury, Venus, the Earth, Mars, 


Jupiter, Saturn aud the Georgium Si- 


dus. 


This new planet was diſcovered by Mr. Herſchel in 
the year 1781. | " | 

The planets revolve according to the order of the 
ſigns, in orbits nearly circular, round the Sun as a 


Ceœntre. 


The apparent annual revolution of the Sun in the 
ecliptic ariſes from the real motion of the Earth in 
its orbit; Venus and Mercury revolve in orbits which 
are contained within that of the Earth, and are called 
Inferior Planets; Mars, Jupiter, Saturn, and the 
Georgium Sidus, which revolve in orbits exterior to the 
Earth's orbit, are called Superior Planets, 

The orbits of all the planets are elliptical, but the 
principal phenomena, which demonſtrate the truth of 
the Copernican Syſtem, are the ſame, whether the orbits 
are conſidered as elliptical or circular. The latter ſup» 
pofition is uſually adopted in giving a general deſcrip- 

| tion 
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tion of the diſpoſition and motion of the _ bo- 
dies, 


III. The planes of the orbits in which 
the planets revolve are inclined differently 
to the plane of the ecliptie, but none ſo 

much as 89. | 


IV. Three of the primary tie; have 
ſatellites or ſecondary planets | revolving 
round them as centres, in orbits nearly 
circular, and accompanying them in their 
revolutions round the Sun. 


V. The Moon is the only ſatellite atten- 
dant upon the Earth, and performs its pe- 
riodic revolution in about 27 days 7 hours, 
deſcribing an orbit which is inclined to 
the plane of the ecliptic at an angle of 
about 52. 


If the periodic times of any two of the heavenly bodies 


be a and 5, the ſynodical period . = ſup- 


3 , 
poſing their orbits to be circular, and thei motion uni- 
form. 
The periodical time of the Moon. = = 27-29; the 
petals time of the Sun's apparent revolution 
365.25 days; wherefore a ſynodical month = 
365. 25 X 27.29 
305.25 27.29 


3 VI. The 


= 29449 or about 29 days and a half, 


24 


VI. The Moon is obſerved to turn the 
ſame face towards the Earth in 88 part | 
of her revolution. 

The Moon turns round her axis, which 1 15 ods per - 


pendicular to the plane of her orbit, in the ſame time 
with that in which ſhe compleats her revolution round the 


"Earth. 
VII. Four ſatellites revolve round Jupi- 
; ter, and five round Saturn. 


VIII. Saturn is encompaſſed with a lu- 
minous ring, the appearance of which ua- 
ries according to the different  pofitions of 


the ſpectator. 


IX. The nes and their fn Lac 
are opake an ſpherical bodies, | 


X. The Earth turns round its axis which 


1s inclined to the plane of the ecliptic at 
an angle of 66* 32', compleating its revo- 
lution in 23 56® 4 

The apparent diurnal revolution of the Sun and ſtars 
from eaſt to weſt, is cauſed by the revolution of the 
Earth round its axis from weſt to eaſt. | 

If the Sun's place in the ecliptic were always the 
ſame, 360* of the equator would paſs under a given me- 
ridian between the time of the Sun's leaving and re- 
turning to the ſame meridian. But fince the mean in- 
creaſe of tre Sun's right aſcenſion in 24 hours is 59 8“, 
it follows, that, during 24 hours, or a mean ſolar day, 
360 59“ 8“ of the equator will paſs under a given me- 


ridian : whence we derive the time of the Earth's revo- 
; lution 
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lution round its axis by the following proportion: 26 
360 59“ 8” to 360 fo is 240 to 230 56a 4, the time 
ſoughr. 
The great circle of the heavens, in the plane of 
which the Earth performs its diurnal revolution, is- cal- 
led the equator. 
The different ſeaſons of the year are cauſed by the 
inclination of the ecliptic to the equator. 


XI. Other planets have been obſerved to 
revolve round their axes. 


The diurnal revolutions of ſupiter, Mars, and Venus 
have been diſcovered from the fpots which are viſible on 
their diſks ; any one of theſe ſpots being obſcrved, ap- 

ars to revolve, returning to the ſame poſition which it 
Has departed from at equal intervals of time. 

It is diſcovered from the ſpots on the diſc, that the 
Sun turns round his axis in about 25 days, 


XII. The Earth is furrounded with 4 
thin tranſparent fluid, called collectively 
the Atmoſphere. | 


| The Atmoſphere is the cauſe of the twilight, ny 
parent elevation of the ſtars above their true places, and 
the general diffuſion of the Sun's rays, 


XIII. Comets are a fort of planets which 
_revolye in very excentric ellipfes round 
the Sun, which is ſifuated'in one of the 
foci, | 
Comets are oblerved to revolve, both according to 
the order of the figns, and in the contrary direction. 
The planes of their orbits are inclined to the plane of 


the cliptic at various angles, not being confined within 
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PHENOMENA WHICH DEMONSTRATE THE TRUTH 
OF THE COPERNICAN SYSTEM, AND SOME 
HIS |  COROLLARIES. | 


2 Venus and Mercury are never ſeen in 
oppoſition to the Sun. . 


A planet is ſaid to be in oppoſition, when the lon- 
gitudes of the Sun and planet differ by 1805. 


II. The angle of elongation of an infe- 
rior planet from the Sun never d 
certain limit. 


III. The ſuperior planets are obſerved to 
be ſometimes in nen and ſometimes 
in conjunction. 


IV. The ſuperior planets are retrograde 
in oppoſition, and progreſſive 1 in conjunc- 
tion. 


V. There is a certain angle of elonga- 
tion from the Sun, at which a planet ap- 
pears ſtationary when ſeen from the Earth. 
| Let the periodic time of a ſuperior planet be to that 


of an inferior as 1 : , and let their diſtances from the 
bun be as 1:5. An angle, the coſine of which = 


4 = Go . radius being 1, will be the angle of elonga- 


tion from the Sun, at which the inferior planet appears - 
ſtationary when obſerved from the ſuperior, The angle 
7 . 0 
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| ef elongation of a ſuperior planet, when ſeen ſtationary 
from an inferior, is obtuſe z and the ſine of it = 


* radius being 1. 


It is here ſuppoſed, that the planets revolve uniform- 
ly in the ſame planes, and in circles, the common ceu- 
tre of which coincides with the centre of the Sun, 


The obſervation of the plariet's ſtations will therefore 


deviate ſomething from the preceding rules, 


VI. A ſpeRator on the Earth ſees that 


part of a planet's diſk only which is con- 


tained between the circles of viſion and il- 


lumation. 


The Moon and- the lafetior- planets appear horned 


when they are fituated between the Earth and Sun. 

The circles of viſion and illumination always ſo nearly 
coincide in Jupiter and Saturn, that theſe planets ap- 
pear in all fituations to ſhine with a full diſk, 

In Mars, when near quadrature, theſe circles being 
confiderably inclined to each other, cauſe a part of the 
illuminated diſk to be intercepted from our view; in 
this poſition Mars is ſaid to be gibbous, 


VII. The parallax of the Sun is about 
84. 

This-is the a of the Sun when viewed in the 
zenith and in the horizon, or the horizontal parallax ; 
wherefore the ſemidiameter of the Earth is to the diſtance 
of the Earth from the Sun, as the fine of 8“ to radius, 
or as 1: 24266 .*, and ſince the radius of the Earth = 


1970 miles, the diſtance of the Sun from the Earth = 
24266X 3970 = near 97000000 miles. 


VIII. The parallax of the fixed ſtars is 
not ſenſible. 
11 2 The 
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| The parallax is therefore leſs 2, and confequently 

the diſtance. of the ſtar greater than 100000 times the 

baſe from the extremities of which it is obſerved, that 

is, greater than 100000 times the diameter of the Earth's 
orbit, or greater than 100000 X 194000000 miles. 


IX. The parallax of a fixed ſtar bein 
not more than 2”, the Sun when view 
from a ſtar would appear under an angle 

27 


leſs than 32. or leſs «than the hun- 
200090 


dredth part of a ſecond, and therefore could 
not be diſtinguiſhed from a point. 


Since bodies equal in magnitude and ſplendor to the 
Sun, being placed at the diſtance of the fixed ſtars, 
would appear to us as the ſtars now do, it may be ſup- 
poſed probable, that the fixed tary are bodies ſimilar 10 
the Sun, which is the centre of the Solar Syſtem, _ 

This being the caſe, the reaſon will appear why a 
fixed ſtar, when viewed through a teleſcope maguifying 
two hundred times, appears no other than a point, For 
the apparent diameter of the ſtar being leſs than one 
hundredth part of a ſecond, when magnified two hun- 
dred times, will ſubtend an angle of not fa much as 2” 
at the eye of a ſpectator obſerving it in the teleſcope, 

The parallax of the fixed ſtar, when viewed from the 
oppoſite parts of the Earth's orbit, is here aſſumed 2“ 
but it is probable that the parallax of the neareſt ſtar is 
much leſs, and conſequently the diſtance greater in IS 
lame proportion, as the parallax is leſs, 


X. The appearance of the fixed ſtars in 
the heavens will be in every reſpet the 
ſame, in whatever part of the Xara. 8 
orbit, the ſpeRator i is ſituated. 
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XI. The change of place or parallax of 


the Moon, when ſeen in the zenith and 
the horizon, is, at a medium, 5%. 

XII. Comets have no ſenſible diurnal 
parallax. 

The diſtance of comets muſt be n than that of 
the Moon from the Earth. ; 

XIII. Comets are obſerved to 1 
their places in the beavens, on account of 
the Earth's motion in its orbit. 

Comets, when viſible, are either within the regions 


of the Solar Syſtem, or not very far diſtant from the or- 
bit of Saturn. | 


CONCERNING ECLIPSES 


I. The planets and their ſecondaries 
ſhine by the light of the Sun reflected from 


them. 


II. An opake body intervening 1 | 


a 1 haves and the Sun, will intercept part, 
or even alt the rays of light from arriving 
at the planet, according to the magnitude 
and proximity of the opake body. 

Any opake ſphere ſubtending an angle at the ſpeRator's 
eye, equal to, or greater than, the apparent diameter of 


the Sun, will totally intercept the rays of light, if the 
centre of it be in a line joining the centre of the Sun 


and the eye of the ſpectator. 
8 III. The 
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II. The ſhadow: of the Earth is of a 
determined length, and will totally eclipſe 
the Sun from any part of the Moon's ſur- 
face ſituated 1 in . | 

The figure of the Earth's ſhadow ig cone; the axis 
of which is a continuation of the line, which joins the 
centres of the Earth and Sun ; the n gry between 
the Sun and the vertex of the ſhadow. 

The length of a planet's ſhadow is to hs ſemi-diame- 


ter of the planet, as radius to the fine of the Sun's ap- 
parent ſemi- diameter. 


IV. Suppoſe the poſition of the oe 
to be reverſed, ſo that the vertex of the 
cone may be between the Sun and the pla- 
net, the axis remaining in the ſame direc- 
tion as before; a continuation of this cone 
_ increaſing, fine , is called the pe- 
numbra. 


VI. It a ſpectator be ſituated in the pe- 
| numbra of a planet, a part of the Sun's 
light will be intercepted from his 'view. 


VI. The Sun is never eclipſed but at the 
time of a New Moon, and the Moon is 
never eclipſed but when at the Full. 


VII. Eclipſes of the Moon and Sun 
would happen at every Full and New 
Moon, if the plane of the- Moon's orbit 
were coincident with the plane of the 
ecliptic. 


VIII. The. 
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VIII. The plane of the Moon's orbit is 
inclined to that of the Fat YA at an an- 
515 of about 5. e 

Thd line in which theſe planes interſect call? _ 
is called the line of the nodes. 

IX. If the angular diſtance of wel Moon” 8 
centre from the node, at the time of the 
New Moon, be leſs than about ſixteen de- 
grees and a half, there will be an eclipſo 
of the Sun. 


X. If the angular diſtance: of the Full 
Moon's centre from the node, be leſs than 


about twelve degrees and a half, the Moon 


will be eclipſed. 


The limits of ſolar, being greater than thoſe of lunar | 


eclipſes, there will happen in a giver time a greater 
number of eclipſes of the Sun than of the Moon, But 
an eclipſe of the Moon is vilible to the inhabitants of 
one half of the globe; whereas a ſolar eclipſe can be ob- 
ſerved on a ſmall proportion of the Earth's ſurface only: 
For this reaſon, at a given place, more lunar ecliptes 
will be viſible in a certain time, than eclipſes of the Sun, 


XI. No primary planet can fall into the 
ſhadow of another primary planet; but 
art of a planet's ſurface may be eclipſed 
y falling into the ſhadow of its ſecondary. 


Any planet may fall into the de of in infe· 
rior planet, 


XII. When 15 Earth falls into the pe- 
numbra of Venus or Mercury, the rays 
| of 
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of the Suri are in part in frorm 6ur 
view ; and the planet, in paſting over the 
Sun, appears as a dark ſpot. upon the diſk, 


XIII. Mercury and Venus would be 
obſerved to paſs over the diſk of the Sum 
at every inferior conjunction, if the planes 
of their orbits coincided with that of the 
ecliptic, 


er THE PHENOMENA WHICH ARISE FROM THE | 
EXCENTRICITY OF THE BARTH'S mr, AND 
THE DIVISION OF TIME. 


I. THE apparent Hamens and hourly 

motion of the Sun are obſerved to vary as 
the Earth revolves in its orbit : and the 
variations are ſuch as demonſtrate the ortat 


to be elliptical. 


If the Earth's orbit be ſuppoſed an excentric EA 
according to the hypotheſis of ſome antient aſtronomers, 


deductions formed from this 223 diſagree with 


obſervation. 
If the Earth he ſuppoſed to ole in an ellipſe 
the Sun placed in one of the Foci, whatever deductions 


are formed from this ſoppoſition;, preciſely agree with 
Phenomena. 

= Suppoſing the excentricity and ſem- 
axis major of the Earth's orbit to be 


known, if the Sun's place in the ccliptic - 
6 Et 


- 


6 40 


Sun being determined. 


Id any 5 let + = the ſemi-axis n major, 

5 5 = the ſemi-axas major, 

4 =, the excentricity... 
point be aſſumed in the circumference of .the 
912. ey let a line be drawn joining the point aſſumed 
and the focus. Let the coſine of the angle contain · 
ed between the line drawu as above and the axis major : 
then the diſtance of the aſſumed point from the focus 


= It is inferred from hence, that if a” — 


8 rent ewi-dlmergr of the Sun when at ite 


fiance from the Earth, in any other poſition 
n which the colin of the Sun's longitude from the apo- 


| gee-=-4, the rn 4 K 
ln. 
4 2 | , | 0 U 
The, e of 5. tie Sum apparent ſenhi-diaties 
agrees accurately with the preceding deduction, 
reed à priori from the elliptic bypothelis, of which. 
this agreement is a confirmation, 
4 Being the . apparent motion of he 
Yan in the ecliptic w at the mean dif 


hourly motion when the Sun is in any point 
ecliptic, the coſine of the — from * 


eee S, 


„ Theſe concluſions, and any other . ia a ballet 
manner for the apparent ſemi- diameter, and hourly mo- 
n of the Sun at a given longitude, da not differ ſen- 
fibly from obſervation, which is (among others) a de- 
wmonſtration that the orbit in which the Earth revolves i is 
a | elliple, the Sun being in one of the fock, =. 
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kropies, and feturning to 


Rp = I 
III. A tine joining the Eatth and Bun 
deſcribes equal areas in equal times during 


the revolution of the Earth in its orbit. 


Since the interſection of the ecliptic and the equator 
divides the area of the Earth's orbit unequally, it fol- 
tows that the times of the Sun's entering the vernal dnd 


autumnal equinoxes, will divide the year uttequally, 
The daily increaſe of the Sun's right aſcenſion is va- 


rizble on two accounts. f. The vattation of the Sun's 


angular velocity in the ectiptic. - 2, The inclination of 


the ecliptic to the RE. 5 
IV. The tropical year is the time elapſed 
between the Sun's 7945 either of the 
© the ſam̃e tropic. 

The tropical yeaf cotiſiſts of 465 days, 4 hours, and 
about 49 minutes. | | , 
IV. The ſidereal year is the time 
elapſed between the Sun's leaving any 
fixed ſtar iti the ecliptic, and returuing to 


the ſame ſtar. 


The fidereal year conſiſts of 365 days, 6 hours, and 
about 9 minutes., | | | 99h 

From this difference between the tropical and fide: 
real years, it is inferred that the equinoxialpoitits changt 
their places in the heavens, revolying in a direction 
contrary to the order of the figns at the rate of 


- about 1* in 72 years, The colures will be ſub- 


Jet to the ſame motion, and the pole of the 
equator will deſcribe a lefſer circle round the pole of 
the ecliptic at '23* 28' from it, and will compleat its 
revolution in 72 x 360=25920 years, 


T̃ be variation of the equator's inclination to the eclips 


fic is got here confidered, 


a 7 
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VI, The ſolar year is not compoſod of 


any exact number of days. 
Hence ariſe: the neceſlity of applying a ABI cor- 


rection to the calendar, leſt the ſeaſons of the year 


ſhould ceaſe to correſpond with the Sun's place in the 
ecliptic, reckoning from the equinpxes or tropics. 
The tropical year conſiſts of 365 days, 5 hours, and 
minutes; if, therefore, it were accounted only 36; 
days, acpoſding to the cuſtom of the Egyptians, the 
. deficient 5 hours and 49 minutes would in 4 years ace 
cpmulate to a difference of 23 hours, 16 minutes, by 


which the calendar would precede the Sun; but if, in 


arder to compenſate for this, a whole day be iaierted in- 


to the calendar every 4th year this will be allowing too 
much by 44 minutes, which renders it neceſſary to leave 


out * about every hundredth year. 


CQNCERNING THE PROGRESSIVE MOTION OF | 


Fier 


I. WHEN Jupiter's ſatellites emerge 


from the ſhadow of their primary, the 


| light reflected from them after their ob- 
ſcuration is obſerved to arrive at the 
Earth about ſixteen minutes ſooner when 


upiter is in oppoſition, than when be is 


near conjunction. 


A ray of light paſſes over the Earth's or- 
bit in about fixteen minutes, or nine hundred and 
N ſeconds of tinge, and — moves at 

K k the 


2 WD. % WO — I „% „ 


eee i 


I e fixed ſtars appear to deſcribe el⸗ | 
lipſes The points which are ſituated i in 


one of the foci of the ellipſes. 


This apparent motion in the. fixed ſtars is cauſed by 


| the progreihve motion of light, and the motion of the 


rth in its orbit. 
The longer axes of the ellipſes are parallel to the — 


of the ecliptic, and ſubtend angles which are all 


to about 40 and the ſhorter axes = 40 * line far 

latitude. Fi 

The apparent latjtude of a given ſtar is leaft'w 

the Sun js 909 before the ſlar in longitude. DA 
The apparent longitude is greateſt when the ſtar 4 

Sun differ in longitude by 1895, and is the leaſt when 

the longitudes of e Sun and the ſtar are the ſame, 2 


III. The velocity of light is to the ve- 
Jocity of the Earth in its orbit, as radius 18 
fo the tangenF of 200, or as 1031 3. to f 


This proportion is deduced fro Ju Dr. Bradley's 
of the ſtar's aberrations ; from the eclipſes of Jupiter” 4 
ſatellites, it is inferred, that the velocity of light is o 
that of the Earth in its orbit, as 202053 to 19.31, or as 
10465 to 1: the near agreement of theſe, proportions, 
js a confirmation of the principle N for the pfl 


& * 
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L r THE CAUSES OF THE Narr 
e 


7 


1 THE primary planets ravitate to- 
wards the Sun, and the ſecondary planets | 
towards their ref ſpective primaries, 


A projectile force having been impreſſed upon a * 


net when at reft, would cauſe it to proceed uniform) 
in 4 right line for ever, unleſs the Sun, by the continual” 
action of its attractive power, detected the planet from 
its rectilinear direction, This attraction i is called a cen- 
tripetal force.. . 

The centripetal force yarieg with the diſtance of ths 
planets from the Sun, Ap that a planet at half the diſe. 
tance would be attracted by a quadruple force; at . 
third of the diſtance, the force * at traction would wa 
nine times greater, 


II. The planets revolve in ellipſes very 
little 999 from circles, round the com- 


mon centre of gravity of the Foy and- 
the Syn. . 


The Sun ſo much exceeds the planets in quantity "I 
matter, that the centre of gravity of the Sun, and/all 
the planets, howeyer ſituated, is yery near the dun it- 
fd, 

The areas deſcribed by the line joining a planet, 
and the point to which the centriperal force is always 
directed, are proportional to the time of a planet's mo- 
tion i in its orbit, | 


$ | | dome 
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Some of the properties of central forces may be * 
luſtrated experimentally. 5 

III. Suppoſe two bodies, urged by cen - 
tripetal and projectile forces, to deſcribe 
circles round a centre of force ſituated in 
the common centre of the circles; if the 
periodic times be the ſame, the aint 
or centrifugal forces will be in the ſame 
ratio as the radii of the circles. | 


If the periodic times be directly as 
FL. radii, the forces will be inverſely as 
the radi, 


V. If the ſquares of the periodic time 
be as the — of the diftandes, the cen. 
tripetal forces will be inverſely as the 
ſquares of the diſtances. 


This caſe obtains in the revolutions of the planetg 
and their ſecondaries, except that the planets and their 
ſecondaries perform their motions in ellipſes ; whereay 
za the experiment, the bodies revolve in circular orbits 
but the ſame properties are demonſtrated (as far as re, 


gards this article) when the orbits are ellipſes. as wh 
they are circular, the radius of the circle being chan 
for the greater ſemi · axis of the ellipſe, 

VI. The ſpheriodal figure of the Earth 
3s cauſed by the revolution of the Earth 


round its axis. | 


The Earth is an oblate ſpheroid, an equatorial dige 
meter being greater than the polar, in the proportion, 


pf 230 ; 3 229. 


This 


„ | 
This figure of the Earth, the inclination of the 
Equator to the ecliptic, and the attraction of the Sun 

and Moon, caule the preceſſion of the equinoxes. 


VII. The tentrifugat force of the Earth 
revolving round the common centre of gra- 
vity of the Earth and Moon, contributes 
to. increaſe the tides in thoſe parts of the 


Earth which are moſt remote from tlte 
Moon. 


VIII. The lane irregularities are cauſed 
by the action of the Sun upon the Earth 
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TABIE II. TABLE IV. 
For aſſigning the Angles || For aſſigning the Arcs ex- 
ſubtended by Ares of gi-pfeſſed in parts of radius 
ven lengths to radius t. =1, ſubtended by given 
Fog As 4 _ Anyles, 
Ares ex- 
prefſedin|\"8'es fubtended, || , ies ſub- (Length of Ares er- 
parts of a Y tended, preſſed in parts of 
radius. PEEY radius. 
7 20626.48 I 00000. 4848 C 
2 41252. 96 L 2 -0c000 96963 
3 51879 44 3 0001-48444 
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TABLE V. 


The Refractions of the Heavenly Bodies in Altitude. 
Vide Tables requiſite to be uſed with the Naut. cal Ephe- 


meris, p. 1 
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TABLE VI. 
For the Dip or Depreſſion of the viſible Horizon at Sea 


below the true Horizon, 


Height of the Depreſſion or 
Obſerver's Eye 


in Feet. 
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TABLE VII. 
For expreſſing Hours, Minutes, and Seconds in Parts 


TABLE VIII. 


of a Day. 


Containing propertional Parts and Multiples of 3® 559.91, 
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D e e parts and Multiples of 3m WY 5s # 
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TABLE X. 


For eſtimating ſmall Altitudes of the Teleſcope above 
the Horizon or Depreſſions below it, by Obſervations 
taken with an Equatorial Inſtrument, when the Equa- 
torial Circle is inclined to the Horizon at an Angle 
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A METHOD Or ADJUSTING THE 
EQUATORIAL INSTRUMENT. 


I; LET the circle ABCD res 
preſent the field of a teleſcope : c, 
the point in the field through 

C which the line of colſimation paſſ« 
es, Let a line AC paſſing through 

c, perpendicular to the axis of the 

teleſcope be adjuſted parallel to 
the plane of the declination cir. 

cle, and ſuppoſe BD to be drawn through c perpendi- 
cular to AC and to the axis of the teleſcope. : 

II. Having fixed the declination circle to go® (in 
either quadrant) direct the point to a very diſtant fixed 
object p, and turn the equatorial circle in its own plane 
180% If pdoes not now coincide with the point e, ima- 
gine the lines pg, pt to be drawn perpendicular to AC 
and DB reſpectively: correct half the error cg by moving 
the declination circle in its own plane, and half the error 
#9, by altering the inclination of the declination circle 
to the plane of the equatorial. If the pointc be now di- 
rected to the diſtant object p, and the equatorial circle 
be turned 180? in its own plane, the points 5 and c will 
coincide, By a very diſtant object is meant any viſible 
fixed point, the diſtance of which is not leſs than 
400000 times the perpendicular diſtance of the line of 
collimation from the axis of the declination circle, 

III. Set the declination nonius to 90“; and having 
turned the declination circle 180” in its own plane, di- 
rect the point c to the diſtant object ; and move the 
equatorial circle in its own plane 180% If y now devi- 
ates from c, the error cg will ſhew double the error in 


the 
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the divifion of the deciination circle, and cannot - be 
corrected by adjuſtinent: ſuppoſe therefore the point y 
to be ſomewhere in the line DB, and correct 3 of the 
error te by altering the inclination of the declination 
circle to the plane of the equatorial, and I of the ſame 
error te by moving the line of collimation perpendicular 
to the plane of the declination circle, 
When the preceding adjuſtments are correct, it ap- 
„ 1. That the line of collimation is parallel to the 
plane of the declination circle. 2. That the plane of 
the declination circle is perpendicular to that of the 
equatorial. 3. The errors of divifion (if any) in the 
two oppoſite points of the declination circle (viz, the 
two 90% are diſcovered, 4. When the declination cir- 
cle is ſet to o, the line of collimation is parallel, and 
when ſet to go?, (in either quadrant) is perpendicular 
to the plane of the equatorial circle, | 
ig. Il, | 
IV. The azimuth circle being 
adjuſted horizontal, make AC pa- 
rallel to it by turning the equato+» 
rial and azimuth circles in their 
own planes, and having directed 
the point c to be a very diſtant 
fixed object , eſtimated to be in 
; the horizon or near it, move 
the azimuth and declination circles in their own 
planes 180 each, ſo that the point p may appear ſome- 


where in the line DB: if p deviates from c, biſe& pc in 


u, the line of collimation being directed to , will be 
horizontal. Let.m be marked on the horizon. 

v. Set the declination circle to o, and turn the azi- 
muth circle in its own plane go”, fo as to bring the ho- 
rizontal object into the line DB, and direct the point 
c to n, by moving the equatorial circle in its own plane 
if neceſſary. The plane of the declination circle will 
now be horizontal, and that of- the — circle 
vertical. 

6 VI. ; 
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VI. Turn the equatorial and azimuth cireles in their 
own planes 180.4 If »' now deviates from e, mr will be 
the error in diviſion of the equatorial, and i the error 
of diviſion in the azimuth circle. (Hg. II.) 

VII. In order to elevate the equatorial circle abor 
the horizon to any propoſed inclination, ſet the decli 
nation circle (iu the ſouthern quadrant) to the propoſed 
angle of elevation, and having brought XII. on the 
equatorial cirele to point o on the index, direct the line 
of collimation to the horizontal point , by altering the 
inclination of the equatorial circle to the horizon, and 
by turning the azimuth circle in its own plane. 

VIII. In order to adjuſt the equatorial index, ſet the 
declination circle to o, and by moving the equatorial 
and azimuth circles in their own planes, direct the line 
of collimation to the horizontal * m, and ſet the 
equatorial index to VI. 

IX. By means of the laſt adjuſtment, when the * 
torial index points to XII. the plane of the declination 
circle will coincide with a ſecondary common to the 
equatorial and azimuth circles; upon this ſecondary 
therefore the inclination of thoſe circles to each other 
will be truly meaſured. The 7th adjuſtment may be 

repeated if it be thought neceſſary. | 

X. If the teleſcope magnifies 60 times, it follows 
from the preceding adjuſtments, that any inclination 
of the line of collimation, or of the equatorial axis to 
the plane of the declination. circle muſt be diſcovgzed, 
if it exceeds 1”; and (if the levels by means of 
which the potition of the azimuth circle is 
rectiſied be tolerably good) the point » (deſcribed in 
Art. 4) will be truly horizontal within 6“ or 8“. 

When the plane of the equatorial circle coincides 
that of the equator on the heavens, the line of collima- 
tion will during the motion of the declination circle 
turning in its own plane, paſs through the pole of the 
equator, without ſenſible error, and will conſequently 
deſcribe a circle of declination in the heavens : when 


the 
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the equatorial index points to XII. the line above men- 
tioned will deſcribe a ſecontlary common to the equator 
and horizon, or the meridian of the place, and will 


therefore paſs through the pole of the en and 


zenith. 
The errors in the poſition of the meridian, and in the 


time deduced from obſervation with the equatorial in- 
ſtrument (deſcribed and eſtimated in page,226.) may be 
corrected thus. The teleſcope being of that ſort which 
repreſents the image inverted with reſpect to the object, 
it follows that the ſtar's apparent elevation from re- 
fraction will cauſe the image in the teleſcope to be de- 
prefſed through a ſpace which ſubtends an angle at the 
centre of the object glaſs, equal to the ſtar's refraction 
in altitude. Suppoſe DB (Fig. II.) to be perpendicular 
to the line of collimation, and to be adjuſted to the 
plane of a vertical circle which paſſes through an obs. 
ſerved ftar : let cl repreſent the depreſſion of the ſtar's 
image above deſcribed, which may be determined, if 
the principal focal length of the object glaſs, and the 
ſtar's refraction in altitude be given: if 7 be now directed 
to the ſtar's apparent place, it is manifeſt, that the 
line of collimation of the inſtrument which joins the 
point c and the centre of the object giaſs, will be di- 
rected to the true place of the ſtar, whereby the effects 
of refraction upon the hour angle and poſition of the 
meridian are entirely removed. 

This is one among many other improvements which 
have been applied to the conſtruction of the equatorial 


inſtrument by * Ramſden. 
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for. ogʒ, read. oa. 


3 and 5 ibid ibid. 
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for 1.06, read. 96. 
40f. 1 
after 1 of. g inſert 125 


dele in 
dele then 


3-5, read b+y. 


for intermediately, read intermediate, 


after deſcribing, inſert the, 


dele but, 
for 2.3058, read 2.30258, 


24 and 26 after any, inſert given. 
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dele be and inſert be after ill line 15. 
for - 1, read 21. 

for intermediate, read determinate, 
for 20265”, read 2062660. ; 
for r x fine 10, read A fine 1*, 
for g1''.4, read 570 Kg.. 

for 55', read 5. 

for being, read. may be. 


for tim", read tim . 
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